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RADIO RECEIVER, RADIO RECEIVING METHOD, AND 

RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radio receiver, a radio 
receiving method, and a recording medium for recording a program to 
execute the radio receiving method and, more particularly, a radio 
receiver which has an automatic gain control circuit of a step -wise gain 
control type in which a gain is changed by a predetermined level when a 
signal level of a received signal exceeds a predetermined level, a 
continuous gain control type in which a gain is changed in response to a 
signal level of a received signal, etc., a radio receiving method, and a 
recording medium. 

2. Description of the Related Art 

A radio receiver such as a pager of the day is equipped with an 
automatic gain control (abbreviated to "AGC" hereinafter) circuit, and then 
improves the intermodulation desensitization (abbreviated to £ TM" hereinafter) 
characteristic and the characteristic due to an excessive input by controlling a 
gain of the radio receiver. 

Here the IM will be simply explained. The "IM (intermodulation 
desensitization)" means such a phenomenon that, when a plurality of waves 
having particular frequency relationship are input into the radio receiver, 
noises are generated in the receiving band of the radio receiver because of 
distortion of semiconductor devices such as transistors, diodes, etc. 
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Also, as the feature of the noise generated by this IM, it is known that 
the noise level generated in the receiving band of the receiver becomes l^n 
when the level of the interference wave having n*th order IM relationship is 
increased. For example, in the case that two interference waves having 
frequencies corresponding to the third order IM are input into the receiver, the 
noise level generated in the receiving band of the receiver is increased by 3 
[dB] when the interference wave input is increased by 1 [dB]. In contrast, if 
the gain of the receiver is attenuated by 1 [dB], the desired wave is attenuated 
by 1 [dB] but the noise generated by the third order IM is attenuated by 3 [dB]. 

Therefore, a level ratio of the desired wave to the noise generated by the third 
order IM can be improved by 2 [dB] rather than the level before the gain is 
lowered by 1 [dB]. 

In this manner, in the IM area, desired wave to the interference wave 
which ensures received signal quality can be improved by controlling 
(attenuating) the gain of the receiver. 

In the prior art, there are two type AGC circuits, i.e., a "continuous 
gain control type" in which a gain control amount is varied in response to the 
signal level input into the radio receiver, and a "step -wise gain control type" in 
which the gain is controlled by a previously determined constant level when 
the signal level exceeds a predetermined level. 

First, the radio receiver having the continuous gain control type 
AGC circuit in the prior art will be explained with reference to FIG. 19 
hereunder. FIG. 19 shows a configuration of the radio receiver having 
the continuous gain control type AGC circuit (first comparative example) 
in the prior art. 

In FIG. 19, the radio receiver in the first comparative example is 
constructed to include an antenna 501, a low-noise signal amplifier 



(LNA) 502, a local oscillator circuit 503, a frequency converter circuit 
504, a field intensity detector 505, and a gain control circuit 506. 

The antenna 501 receives the signal transmitted from a base 
station (not shown). The low-noise signal amplifier (LNA) 502 
amplifies the signal received via the antenna 501. The frequency 
converter circuit 504 executes the frequency conversion by multiplying 
the signal amplified by the low-noise signal amplifier 502 by a signal 
supplied from the local oscillator circuit 503. The field intensity 
detector 505 changes a voltage of an output signal GC5 in response to a 
signal level of the intermediate frequency signal IF after the frequency 
conversion. The gain control circuit 506 changes a control level of the 
gain in answer to the output signal GC5 from the field intensity detector 
505. 

If the level of the signal input into the antenna 501 is changed, 
the signal level of the intermediate frequency signal IF which is 
subjected to the frequency conversion by the frequency converter circuit 
504 is also changed correspondingly. The voltage of the output signal 
GC5 of the field intensity detector 505 is changed according to the 
change in level of the intermediate frequency signal IF, and then a gain 
control amount of the gain control circuit 506 is changed according to 
such change. 

Next, the radio receiver having the step wise gain control type 
AGC circuit in the prior art will be explained with reference to FIG. 21 
hereunder. FIG. 21 shows a configuration of the radio receiver having 
the step -wise gain control type automatic gain control circuit (second 
comparative example) in the prior art. 

In FIG. 21, the radio receiver in the second comparative example 



is constructed to include an antenna 601, a low-noise signal amplifier 
(LNA) 602, a local oscillator circuit 603, a frequency converter circuit 
604, a field intensity detector 605, and a gain control circuit 606. 

Here the antenna 601, the low-noise signal amplifier 602, the 
5 local oscillator circuit 603, and the frequency converter circuit 604 have 
similar functions to those in the first comparative example (FIG. 19). 
The field intensity detector 605 changes the signal GC6 and outputs it 
when the signal level of the intermediate frequency signal IF which is 
subjected to the frequency conversion by the frequency converter circuit 

10 504 exceeds a predetermined value. An operation state (ON state/OFF 
state) of the gain control circuit 606 is switched by the signal GC6 from 
the field intensity detector 605. In this case, a gain control amount 
controlled by the gain control circuit 606 is constant irrespective to the 
level of the signal input from the antenna 601. 

15 However, in the above radio receiver in the prior art, setting of the 

radio receiver is decided by searching a point of compromise between the IM 
characteristic and the electric field variation characteristic. 

First, relationships among threshold of electric field intensity level 
which starts AGC operation, IM characteristics, and margins of sensitivity in 

20 the AGC operation in the radio receiver having the continuous gain control 
type AGC circuit (first comparative example) in the prior art will be explained 
hereunder. FIG. 20 is a chart showing relationships among threshold of 
electric field intensity level which starts AGC operation, IM characteristics, 
and margins of sensitivity in the AGC operation in the continuous gain control 

25 type AGC circuit. 

As described above, as the feature of the continuous gain control 
type AGC circuit, it can be listed that the gain control amount is 
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changed pursuant to the change in signal level. However, in the case 
that the signal level is varied at a pitch that exceeds the follow-up speed 
of the AGC circuit operation against the change in the signal level, if an 
electric field intensity variation width of the radio signal exceeds a 
difference between the sensitivity level and the threshold level of 
starting the AGC circuit (margin of sensitivity in the AGC operation), 
the electric field intensity drops down below the sensible level. 
Therefore, the sufficient margin of sensitivity in the AGC operation 
must be assured. 

Therefore, if the threshold of electric field intensity level which starts 
the AGC operation is set high, the AGC operation becomes strong against the 
electric field variation of the desired wave since the large margin of sensitivity 
in the AGC operation can be assured, but the IM area that can be improved by 
the AGC circuit can be reduced. Also, in order to improve the IM 
characteristic, if the threshold of the electric field intensity for starting the 
AGC operation is set at a low level, the call acceptable area is increased in the 
IM characteristic, nevertheless the AGC operation becomes weak against the 
electric field variation of the desired wave since the margin of sensitivity in 
the AGC operation is small. In this manner, in the continuous gain control 
type AGC circuit whose gain follows up the electric field variation, the 
threshold of the electric field intensity level which starts the AGC operation 
must be set with regard to both the IM characteristic and the electric field 
variation characteristic. 

Then, relationships among the threshold of the electric field intensity 
level which starts AGC operation, IM characteristics, and margins of 
sensitivity in the AGC operation in the radio receiver having the step -wise 
gain control type AGC circuit (second comparative example) in the prior art 



will be explained hereunder. 

In the step wise gain control type AGC circuit, if the large gain is 
controlled at a moment, a large noise is generated in the gain control (at 
the time of switching). Therefore, normally the electric field detection 
and the gain switching are completed in the signal synchronizing 
portion, etc., but the gain control amount is not switched in the data 
interval and thus the receiving operation is carried out while fixing the 
gain at a constant gain control amount. Therefore, the step -wise gain 
control type AGC circuit cannot follow up the electric field variation in 
the data interval. Then, if the electric field intensity variation width of 
the radio signal exceeds the difference between the threshold of the 
electric field intensity level which startins AGC operationand the 
sensitivity in the AGC operation (margin of sensitivity in the AGC 
operation), the AGC circuit is operated under such a judgment at the 
time of the electric field detection that the signal level is high strong 
electric field. In this case, since the electric field intensity drops down 
below the sensible level with the AGC operation in the data interval, it 
is impossible to receive the transmitted data. Therefore, the sufficient 
margin of sensitivity in the AGC operation must also be assured in the 
step-wise gain control type AGC circuit. 

FIG. 22 is a chart showing relationships among threshold of 
electric field intensity level which starts AGC operation, gain control 
amounts, and calling rates in the step -wise gain control type AGC 
circuit. In FIG. 22, the calling rate of 80 [%] is set as the sensible level. 

The sensible level in the AGC operation is degraded as reduction 
in the gain is enhanced by increasing the gain control amount. For 
example, as shown in FIG. 22, such cases are considered that, if the 



static sensitivity is 20 [dBuV/m] when the AGC circuit is OFF (at the 
time of non-operation), the gain control amount is set to 10 [dB] and 15 
[dB] respectively. The static sensitivity in the AGC operation is 
degraded by 10 [dB] and becomes 30 [dBuV/m] if the gain control 
amount is set small such as 10 [dB] whereas the static sensitivity in the 
AGC operation is degraded by 15 [dB] and becomes 35 [dBuV/m] if the 
gain control amount is set large such as 15 [dB]. Also, in the case that 
the threshold of electric field intensity level which starts AGC operation 
in the electrostatic field is set to 40 [dBuV/m], the margin of sensitivity 
in the AGC operation is 10 [dB] if the gain control amount is set to 10 
[dB] whereas the margin of sensitivity in the AGC operation is 5 [dB] if 
the gain control amount is set to 15 [dB], In this way, in the situatiop 
that the threshold of electric field intensity level which starts AGC 
operation are equal, the margin of sensitivity in the AGC operation is 
reduced smaller as the AGC gain control amount is set larger. 

Then, FIG. 23 is a chart showing relationships among threshold of 
electric field intensity level which starts AGC operation, gain control 
amounts, and call acceptable areas in the IM characteristics in the 
step-wise gain control type AGC circuit. 

If it is assumed that the threshold of electric field intensity level 
which starts AGC operation are equal, the service area existing IM 
interference is expanded (from AS2 to AS3) if the gain control amount is 
increased whereas the service area existing IM interference is 
contracted if the gain control amount is decreased. In this fashion, in 
the step-wise gain control type AGC circuit, the setting of the AGC 
circuit must also be set with regard to both the margin of sensitivity in 
the AGC operation and the IM characteristic. 



As described above, regardless of the configuration of the AGC 
circuit, it is necessary to carry out the setting of the AGC circuit by 
looking for a point of compromise with regard to both the margin of 
sensitivity in the AGC operation and the IM characteristic. 

Then, it is known that normally the sensitivity of the radio 
receiver is degraded much more as the transmission data speed of the 
transmission signal is increased more quickly. Therefore, if 
transmission conditions such as the transmission data speed of the 
signal, etc. are different, optimum values of the AGC setting values are 
different. However, for example, in the radio receiver for receiving the 
signal having the signal format whose transmission conditions such as 
the transmission data speed of the transmission signal, etc. are changed 
into two types or more during the transmission, like the FLEX system 
pager or FLEX TD system pager, the same setting of the AGC circuit is 
applied irrespective to the transmission conditions of the signal. In 
other words, the optimum setting of the AGC circuit becomes different 
according to the radio wave situation in which the radio receiver is 
located. But, a means for executing the setting of the AGC circuit in 
response to the transmission conditions is not provided to the radio 
receiver in the prior art and thus it is impossible to set always the AGC 
circuit optimally. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above 
circumstances in the prior art, and it is an object of the present invention to 
provide a radio receiver which is capable of achieving optimum setting of the 
AGC circuit in response to the radio wave situation in which the radio receiver 
is located, and also capable of improving communication quality by performing 



the gain control such that signal quality of the received signal can be 
optimized in either the IM characteristic or the electric field variation 
characteristic, a radio receiving method, and a recording medium. 

In order to overcome the above subjects, a radio receiver 
according to the first aspect of the present invention comprises a gain 
controlling means for controlling a gain of the radio receiver; an electric 
field intensity detecting means for detecting an electric field intensity of 
a received signal; an error rate measuring means for measuring an error 
rate of the received signal; a threshold setting means for setting a 
threshold of electric field intensity level to start a gain control operation 
of the gain controlling means in response to a measured result of the 
error rate measuring means; and a first controlling means for causing 
the gain controlling means to start the gain control operation when the 
electric field intensity detected by the electric field intensity detecting 
means reaches the threshold of electric field intensity level which starts 
AGC operation. 

Also, a radio receiver according to the second aspect of the 
present invention comprises a gain controlling means for controlling a 
gain of the radio receiver; an error rate measuring means for measuring 
an error rate of the received signal; a gain control amount setting means 
for setting a gain control amount of the gain controlling means in 
response to a measured result of the error rate measuring means; and a 
second controlling means for causing the gain controlling means to 
change a gain in response to the gain control amount. 

Also, a radio receiver according to the third aspect of the present 
invention for receiving a signal having a signal format that is 
transmitted while changing transmission conditions into two types or 



more, comprises a gain controlling means for controlling a gain of the 
radio receiver; an electric field intensity detecting means for detecting 
an electric field intensity of a received signal; a threshold setting means 
for setting a threshold of electric field intensity level to start a gain 
control operation of the gain controlling means in response to a 
transmission condition of the signal; and a first controlling means for 
causing the gain controlling means to start the gain control operation 
when the electric field intensity detected by the electric field intensity 
detecting means reaches the threshold of electric field intensity level 
which starts AGC operation. 

Also, a radio receiver according to the fourth aspect of the 
present invention for receiving a signal having a signal format that is 
transmitted while changing transmission conditions into two types or 
more, comprises a gain controlling means for controlling a gain of the 
radio receiver; a gain control amount setting means for setting a gain 
control amount of the gain controlling means in response to a 
transmission condition of the signal; and a second controlling means for 
causing the gain controlling means to change a gain in response to the 
gain control amount. 

In the radio receiver according to the fifth aspect, the gain controlling 
means is a step -wise gain control type which changes the gain by a 
predetermined amount when a signal level of the received signal exceeds a 
predetermined level. 

In the radio receiver according to the sixth aspect, the gain controlling 
means is a continuous gain control type which changes the gain in response to 
a signal level of the received signal. 

In the radio receiver according to the seventh aspect, the 



threshold setting means decides a change direction and/or a change 
amount of the threshold of electric field intensity level which starts AGC 
operation in a succeeding reception based on a measured result by the 
error rate measuring means in a present reception and a measured 
result by the error rate measuring means in a preceding reception. 

In the radio receiver according to the eighth aspect, the threshold 
setting means decides a change direction and/or a change amount of the 
threshold of electric field intensity level which start AGC operation in a 
succeeding reception based on a measured result by the error rate 
measuring means in a present reception, a measured result by the error 
rate measuring means in a preceding reception, the threshold of electric 
field intensity level which start AGC operation set in a present reception, 
and a set value of the threshold of electric field intensity level which 
start AGC operation in the preceding reception. 

The radio receiver according to the ninth aspect, further 
comprises a threshold range setting means for setting an available set 
range of the threshold of electric field intensity level which start AGC 
operation, which is defined by a maximum value and a minimum value. 

In the radio receiver according to the tenth aspect, the threshold 
setting means does not change a setting of the threshold of electric field 
intensity level which start AGC operation when the threshold of electric 
field intensity level which start AGC operation is more than the 
maximum value or is less than the minimum value of the available set 
range and a measured result by the error rate measuring means is less 
than a predetermined value. 

The radio receiver according to the 11th aspect, further comprises 
a storing means for updating/holding the measured result by the error 



rate measuring means in the present reception as a measured result by 
the error rate measuring means in the preceding reception, 
updating/holding the threshold of electric field intensity level which 
start AGC operation set in the present reception as the set value of the 
threshold of electric field intensity level which start AGC operation in 
the preceding reception, and updating/holding the threshold of electric 
field intensity level which start AGC operation set by the setting means 
in the present reception as the threshold of electric field intensity level 
which start AGC operation set in a succeeding reception. 

In the radio receiver according to the 12th aspect, the gain 
control amount setting means decides a change direction and/or a 
change amount of the gain control amount in a succeeding reception 
based on a measured result by the error rate measuring means in a 
present reception and a measured result by the error rate measuring 
means in a preceding reception. 

In the radio receiver according to the 13th aspect, the gain 
control amount setting means decides a change direction and/or a 
change amount of the gain control amount in a succeeding reception 
based on a measured result by the error rate measuring means in a 
present reception, a measured result by the error rate measuring means 
in a preceding reception, the gain control amount set in a present 
reception, and a set value of the gain control amount in the preceding 
reception. 

The radio receiver according to the 14th aspect, further comprises 
a gain control amount range setting means for setting an available set 
range of the gain control amount, which is defined by a maximum value 
and a minimum value. 
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In the radio receiver according to the 15th aspect, the gain 
control amount setting means does not change a setting of the gain 
control amount when the gain control amount is more than the 
maximum value or is less than the minimum value of the available set 
range and a measured result by the error rate measuring means is less 
than a predetermined value. 

The radio receiver according to the 16th aspect, further comprises 
a storing means for updating/holding the measured result by the error 
rate measuring means in the present reception as a measured result by 
the error rate measuring means in the preceding reception, 
updating/holding the gain control amount set in the present reception as 
the set value, of the gain control amount in the preceding reception, and 
updating/holding the gain control amount set by the gain control 
amount setting means in the present reception as the gain control 
amount set in a succeeding reception. 

Also, a radio receiving method according to the 17th aspect of 
the present invention used for a radio receiver including a gain 
controlling means for controlling a gain of the radio receiver, an electric 
field intensity detecting means for detecting an electric field intensity of 
a received signal, and an error rate measuring means for measuring an 
error rate of the received signal, comprising a threshold setting step of 
setting a threshold of electric field intensity level which start AGC 
operation to start a gain control operation of the gain controlling means 
in response to a measured result of the error rate measuring means; and 
a first controlling step of causing the gain controlling means to start the 
gain control operation when the electric field intensity detected by the 
electric field intensity detecting means reaches the threshold of electric 



field intensity level which start AGC operation. 

The radio receiving method according to the 18th aspect , further 
comprises a receiving step of performing a reception at the set threshold 
of electric field intensity level which start AGC operation; an error rate 
measuring step of measuring the error rate in the receiving step by the 
error rate measuring means; and wherein the threshold setting step 
decides a change direction and/or a change amount of the threshold of 
electric field intensity level which start AGC operation in a succeeding 
reception based on a measured result by the error rate measuring means 
in a present reception and a measured result by the error rate 
measuring means in a preceding reception. 

The radio receiving method according to the 19th aspect, further 
comprises a receiving, step of performing a reception at the set threshold 
of electric field intensity level which start AGC operation; an error rate 
measuring step of measuring the error rate in the receiving step by the 
error rate measuring means; and wherein the threshold setting step 
decides a change direction and/or a change amount of the threshold of 
electric field intensity level which start AGC operation in a succeeding 
reception based on a measured result by the error rate measuring means 
in a present reception, a measured result by the error rate measuring 
means in a preceding reception, the threshold of electric field intensity 
level which start AGC operation set in a present reception, and a set 
value of the threshold of electric field intensity level which start AGC 
operation in the preceding reception. 

The radio receiving method according to the 20th aspect, further 
comprises an threshold range setting step of setting an available set range of 
the threshold of electric field intensity level which start AGC operation, which 



is defined by a maximum value and a minimum value. 

In the radio receiving method according to the 21th aspect, the 
threshold setting step does not change a setting of the threshold of 
electric field intensity level which start AGC operation when the 
threshold of electric field intensity level which start AGC operation is 
more than the maximum value or is less than the minimum value of the 
available set range and a measured result by the error rate measuring 
means is less than a predetermined value. 

The radio receiving method according to the 22th aspect, further 
comprises a storing step of updating/holding the measured result by the 
error rate measuring means in the present reception as a measured 
result by the error rate measuring means in the preceding reception, 
updating/ holding the threshold of electric field intensity level which 
start AGC operation set in the present reception as the set value of the 
threshold of electric field intensity level which start AGC operation in 
the preceding reception, and updating/holding the threshold of electric 
field intensity level which start AGC operation set by the threshold 
setting means in the present reception as the threshold of electric field 
intensity level which start AGC operation set in a succeeding reception. 

Also, a radio receiving method according to the 23th aspect of the 
present invention used for a radio receiver including a gain controlling 
means for controlling a gain of the radio receiver, and an error rate 
measuring means for measuring an error rate of the received signal, 
comprises a gain control amount setting step of setting a gain control 
amount of the gain controlling means in response to a measured result 
of the error rate measuring means; and a second controlling step of 
causing the gain controlling means to change a gain in response to the 



gain control amount. 

The radio receiving method according to the 24th aspect, further 
comprises a receiving step of performing a reception at the set gain control 
amount; and an error rate measuring step of measuring the error rate in the 
receiving step by the error rate measuring means; and wherein the gain 
control amount setting step decides a change direction and/or a change 
amount of the gain control amount in a succeeding reception based on a 
measured result by the error rate measuring means in a present reception and 
a measured result by the error rate measuring means in a preceding reception. 

The radio receiving method according to the 25th aspect, further 
comprises a receiving step of performing a reception at the set gain 
control amount; and an error rate measuring step of measuring the error 
rate in the receiving step by the error rate measuring means; and 
wherein the gain control amount setting step decides a change direction 
and/or a change amount of the gain control amount in a succeeding 
reception based on a measured result by the error rate measuring means 
in a present reception, a measured result by the error rate measuring 
means in a preceding reception, the gain control amount set in a present 
reception, and a set value of the gain control amount in the preceding 
reception. 

The radio receiving method according to the 26th aspect, further 
comprises a gain control amount range setting step of setting an available set 
range of the gain control amount, which is defined by a maximum value and a 
minimum value. 

In the radio receiving method according to the 27th aspect, the 
gain control amount setting step does not change a setting of the gain 
control amount when the gain control amount is more than the 



maximum value or is less than the minimum value of the available set 
range and a measured result by the error rate measuring means is less 
than a predetermined value. 

The radio receiving method according to the 28th aspect, further 
comprises a storing step of updating/holding the measured result by the 
error rate measuring means in the present reception as a measured 
result by the error rate measuring means in the preceding reception, 
updating/ holding the gain control amount set in the present reception 
as the set value of the gain control amount in the preceding reception, 
and updating/holding the gain control amount set by the gain control 
amount setting means in the present reception as the gain control 
amount set in a succeeding reception. 

Also, a radio receiving method according to the 29th aspect of the 
present invention used for a radio receiver which includes a gain controlling 
means for controlling a gain of the radio receiver and an electric field intensity 
detecting means for detecting an electric field intensity of a received signal 
and also receives a signal having a signal format that is transmitted while 
changing transmission conditions into two types or more, comprises an 
threshold setting step of setting an threshold of electric field intensity level to 
start a gain control operation of the gain controlling means in response to a 
transmission condition of the signal; and a first controlling step of causing the 
gain controlling means to start the gain control operation when the electric 
field intensity detected by the electric field intensity detecting means reaches 
the threshold of electric field intensity level which start AGC operation. 

Also, a radio receiving method according to the 30th aspect of the 
present invention used for a radio receiver which includes a gain 
controlling means for controlling a gain of the radio receiver and also 



receives a signal having a signal format that is transmitted while 
changing transmission conditions into two types or more, comprises a 
gain control amount setting step of setting a gain control amount of the 
gain controlling means in response to a transmission condition of the 
signal; and a second controlling step of causing the gain controlling 
means to change a gain in response to the gain control amount. 

Also, a computer-readable recording medium according to the 
31st aspect of the present invention for storing a program which causes 
a computer to execute a radio receiving method. 

According to the radio receiver set forth in said aspects 1, 5, 6, 7, 8, 
9, 10, 11, the radio receiving method set forth in said aspects 17, 18, 19, 
20, 21, 22 and the recording medium set forth in said aspect 31 of the 
present invention, the threshold of electric field intensity level that 
starts the gain control operation of the gain controlling means in 
response to the measured result of the error rate measuring means is set 
by the threshold setting means (threshold setting step). In the first 
controlling means (first controlling step), when the electric field 
intensity detected by the electric field intensity detecting means reaches 
the threshold of electric field intensity level which start AGC operation, 
the gain controlling means is caused to start the gain control operation. 

In particular, according to the radio receiver set forth in said aspect 5, 
the gain controlling means is a step -wise gain control type, and changes the 
gain by a predetermined amount when the signal level of the received signal 
exceeds a predetermined level. In particular, according to the radio receiver 
set forth in said aspect 6, the gain controlling means is a continuous gain 
control type, and changes the gain in response to the signal level of the 
received signal. 



In this manner, according to the present invention, since the 
threshold of electric field intensity level which start AGC operation is 
set based on the measured result of the error rate of the received signal, 
the optimum threshold of electric field intensity level which start AGC 
operation can be set to meet the radio wave situation in which the radio 
receiver is located, i.e., the receiving situation of the received signal, 
and also the gain control of the gain controlling means can be attained 
to optimize the signal quality of the received signal in the situation of 
either the IM characteristic or the electric field variation characteristic, 
e.g., under the environment of existing strong IM interference signal 
or the environment in which the electric field intensity is changed 
strongly. As a result, the communication quality in the mobile radio 
communication can be improved considerably. 

Here, for example, as the particular example of the configuration 
of the first controlling means, folio wings may be considered. As a first 
particular configuration, a comparing means for comparing the electric field 
intensity detected by the electric field intensity detecting means with the 
predetermined reference intensity level is provided, and then the 
predetermined reference intensity level of the comparing means is switched 
and set in response to the error rate measured result. As a second particular 
configuration, a variable gain amplifier for amplifying the received signal at a 
predetermined gain and supplying it to the electric field intensity detecting 
means is provided, and then the predetermined gain of the variable gain 
amplifier is changed and set in response to the error rate measured result. 
Also, as a third particular configuration, a converting means for converting the 
output of the electric field intensity detecting means into the voltage level at a 
predetermined rate, and then the predetermined rate of the converting means 



is switched and set in response to the error rate measured result. 

In particular, according to the radio receiver set forth in said 
aspect 7 and the radio receiving method set forth in said aspect 18, in 
the threshold setting means (threshold setting step), the change 
5 direction and/or the change amount of the threshold of electric field 
intensity level which start AGC operation in the succeeding reception is 
decided based on a measured result by the error rate measuring means 
(error rate measuring step) in the present reception and the measured 
result by the error rate measuring means in the preceding reception. 
L i3 10 For example, if the error rate in the present reception is smaller than 

ffz 

Ul that in the preceding reception, the changing direction of the threshold of 

fU electric field intensity level which start AGC operation in the succeeding 

reception can be kept in the same direction as that in the preceding reception 
□ since the error rate could be improved whereas, if the error rate in the present 

P 15 reception is larger than that in the preceding reception, the changing direction 
of the threshold of electric field intensity level which start AGC operation in 
the succeeding reception can be switched in the direction opposite to that in 
the preceding reception since the error rate has been degraded. Therefore, 
since the threshold of electric field intensity level which start AGC operation 
20 can be set by deciding appropriately the change direction of the threshold of 
electric field intensity level which start AGC operation to be set subsequently, 
the setting of the optimum threshold of electric field intensity level which start 
AGC operation can be achieved under the environment of existing strong IM 
interference signal or the environment in which the electric field intensity is 
25 changed strongly. 

Also, for example, in the event that the error rate is high, if the 
error rate change amount defined by the difference between the error 
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rate in the present reception and the error rate in the preceding 
reception, or the like is below the predetermined value, the change 
amount of the threshold of electric field intensity level which start AGC 
operation is relatively increased whereas, if the error rate change 
amount exceeds the predetermined value, the change amount of the 
threshold of electric field intensity level which start AGC operation is 
relatively decreased. Therefore, it is possible to accelerate the 
convergence of the threshold of electric field intensity level which start 
AGC operation into the optimum threshold of electric field intensity 
level which starts AGC operation. 

In addition, for example, if the threshold of electric field 
intensity level which start AGC operation is returned to the 
predetermined initial value when the error rate exceeds the 
predetermined value, the appropriate countermeasure can be taken 
when the setting of the threshold of electric field intensity level which 
start AGC operation is largely out of the range. 

In particular, according to the radio receiver set forth in said 
aspect 8 and the radio receiving method set forth in said aspect 19, in 
the threshold setting means (threshold setting step), the change 
direction and/or the change amount of the threshold of electric field 
intensity level which start AGC operation in the succeeding reception is 
decided based on the measured result by the error rate measuring 
means (error rate measuring step) in the present reception, the 
measured result by the error rate measuring means in the preceding 
reception, the threshold of electric field intensity level which start AGC 
operation set in a present reception, and the set value of the threshold 
of electric field intensity level which start AGC operation in the 



preceding reception. 

For example, in the case that the error rate in the present reception is 
smaller than that in the preceding reception (the error rate can be improved), 
when the threshold of electric field intensity level which start AGC operation 
in the present reception is larger than that in the preceding reception, the 
threshold of electric field intensity level which start AGC operation in the 
succeeding reception is increased whereas, when the threshold of electric field 
intensity level which start AGC operation in the present reception is smaller 
than that in the preceding reception, the threshold of electric field intensity 
level which start AGC operation in the succeeding reception is reduced small. 
In contrast, in the case that the error rate in the present reception is larger 
than that in the preceding reception (the error rate can be degraded), when 
the threshold of electric field intensity level which start AGC operation in the 
present reception is larger than that in the preceding reception, the threshold 
of electric field intensity level which start AGC operation in the succeeding 
reception is set smaller whereas, when the threshold of electric field intensity 
level which start AGC operation in the present reception is smaller than that 
in the preceding reception, the threshold of electric field intensity level which 
start AGC operation in the succeeding reception is increased. Therefore, 
since the threshold of electric field intensity level which start AGC operation 
can be set by deciding more appropriately the change direction of the 
threshold of electric field intensity level which start AGC operation to be set 
subsequently, the optimum threshold of electric field intensity level which 
start AGC operation can be set under the environment of the strong electric 
field IM or the environment in which the electric field intensity is changed 
strongly. 

In particular, according to the radio receiver set forth in said 



aspect 9 and the radio receiving method set forth in said aspect 20, 
preferably the available set range of the threshold of electric field 
intensity level which start AGC operation, which is defined by the 
maximum value and the minimum value, should be set by the threshold 
range setting means (threshold range setting step). Also, according to 
the radio receiver set forth in said aspect 10 and the radio receiving 
method set forth in said aspect 21, in the threshold setting means 
(threshold setting step), preferably the setting of the threshold of 
electric field intensity level which starts AGC operation should not be 
changed when the threshold of electric field intensity level which start 
AGC operation is more than the maximum value or less than the 
minimum value of the available set range and the measured result by 
the error rate measuring means is less than the predetermined value. 
Therefore, in the case that the set value of the threshold of electric field 
intensity level which start AGC operation is set to the maximum value 
or the minimum value, it is possible to prevent the situation that the set 
value of the threshold of electric field intensity level which start AGC 
operation is changed unnecessarily even when the error rate is 
sufficiently small. 

In particular, according to the radio receiver set forth in said 
aspect 11 and the radio receiving method set forth in said aspect 22, 
preferably the storing means (storing step) should update/hold the 
measured result by the error rate measuring means in the present 
reception as the measured result by the error rate measuring means in 
the preceding reception, update/hold the threshold of electric field 
intensity level which start AGC operation set in the present reception as 
the set value of the threshold of electric field intensity level which start 



AGC operation in the preceding reception, and update/hold the 
threshold of electric field intensity level which start AGC operation set 
by the threshold setting means in the present reception as the threshold 
of electric field intensity level which start AGC operation set in the 
succeeding reception every reception or per the predetermined number 
of times of reception. Therefore, the more effective process can be 
accomplished in the threshold range setting means (threshold range 
setting step). 

According to the radio receiver set forth in said aspects 2, 5, 12, 13, 
14, 15, 16, the radio receiving method set forth in said aspects 23, 24, 25, 
26, 27, 28 and the recording medium set forth in said aspect 31 of the 
present invention, the gain control amount of the gain controlling means 
is set by the gain control amount setting means (gain control amount 
setting step) in response to the measured result of the error rate 
measuring means. In the second controlling means (second controlling 
step), the gain controlling means is caused to change the gain in 
response to the. gain control amount. 

In particular, according to the radio receiver set forth in said aspect 5, 
the gain controlling means is the step -wise gain control type, and changes the 
gain by the predetermined amount when the signal level of the received signal 
exceeds the predetermined level. 

In this manner, according to the present invention, since the gain 
control amount can be set in response to the measured result of the 
error rate of the received signal, the optimum gain control amount can 
be set to meet the radio wave situation in which the radio receiver is 
located, i.e., the receiving situation of the received signal, and also the 
gain control of the gain controlling means can be attained to optimize 



the signal quality of the received signal in the situation of either the IM 
characteristic or the electric field variation characteristic, e.g., under 
the environment of the strong electric field IM or the environment in 
which the electric field intensity is changed strongly. As a result, the 
communication quality in the mobile radio communication can be 
considerably improved. 

Here, for example, as the particular example of the configuration of the 
gain controlling means and the second controlling means, followings may be 
considered. As a first particular configuration, a signal amplifying means for 
amplifying the received signal and a distributing means for distributing the 
received signal received via the antenna to the signal amplifying means and 
other signal paths are provided to the gain controlling means, and then a 
distribution rate in the distributing means to the signal amplifying means is 
changed by the second controlling means in response to the measured result of 
the error rate. Where "other signal paths" are a route from the antenna to 
the ground, for example. - 

Also, as a second particular configuration, the signal amplifying 
means the gain of which is controlled by an output voltage switching 
circuit whose output voltage can be switched is provided to the gain 
controlling means, and then the output voltage of the output voltage 
switching circuit is changed by the second controlling means in response 
to the measured result of the error rate. In addition, as a third 
particular configuration, a signal amplifying means which includes a 
current source with a current switching function is provided to the gain 
controlling means, and then a current value from the current source 
with the current switching function provided in the signal amplifying 
means is changed and set by the second controlling means in response to 



the measured result of the error rate. 

In particular, according to the radio receiver set forth in said 
aspect 12 and the radio receiving method set forth in said aspect 24, in 
the gain control amount setting means (gain control amount setting 
step), the change direction and/or the change amount of the gain control 
amount in the succeeding reception is decided based on the measured 
result by the error rate measuring means (error rate measuring step) in 
the present reception and the measured result by the error rate 
measuring means in the preceding reception. 

For example, if the error rate in the present reception is smaller than 
that in the preceding reception, the changing direction of the gain control 
amount in the succeeding reception can be kept in the same direction as that 
in the preceding reception since the error rate could be improved whereas, if 
the error rate in the present reception is larger than that in the preceding 
reception, the changing direction of the gain control amount in the succeeding 
reception can be switched in the direction opposite to that in the preceding 
reception since the error rate has been degraded. Therefore, since the gain 
control amount can be set by deciding appropriately the change direction of 
the gain control amount to be set subsequently, the setting of the optimum 
gain control amount can be achieved under the environment of the strong 
electric field IM or the environment in which the electric field intensity is 
changed strongly. 

Also, for example, in the event that the error rate is high, when 
the error rate change amount defined by the difference between the 
error rate in the present reception and the error rate in the preceding 
reception, or the like is below the predetermined value, the change 
amount of the gain control is relatively increased whereas, when the 



error rate change amount exceeds the predetermined value, the change 
amount of the gain control is relatively decreased. Therefore, it is 
possible to accelerate the convergence of the gain control amount into 
the optimum threshold of electric field intensity level which strats AGC 
operation. 

In addition, for example, if the gain control amount is returned to 
the predetermined initial value when the error rate exceeds the 
predetermined value, the appropriate countermeasure can be taken 
when the setting of the gain control amount is largely out of the range. 

In particular, according to the radio receiver set forth in aspect 13 
and the radio receiving method set forth in aspect 25, in the gain control 
amount setting means (gain control amount setting step), the change 
direction and/or the change amount of the gain control amount in the 
succeeding reception is decided based on the measured result by the 
error rate measuring means (error rate measuring step) in the present 
reception, the measured result by the error rate measuring means in the 
preceding reception, the gain control amount set in the present 
reception, and the set value of the gain control amount in the preceding 
reception. 

For example, in the case that the error rate in the present reception is 
smaller than that in the preceding reception (the error rate can be improved), 
when the gain control amount in the present reception is larger than that in 
the preceding reception, the gain control amount in the succeeding reception is 
increased whereas, when the gain control amount in the present reception is 
smaller than that in the preceding reception, the change direction of the gain 
control amount in the succeeding reception is reduced small. In contrast, in 
the case that the error rate in the present reception is larger than that in the 
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preceding reception (the error rate can be degraded), when the gain control 
amount in the present reception is larger than that in the preceding reception, 
the gain control amount in the succeeding reception is set smaller whereas, 
when the gain control amount in the present reception is smaller than that in 
5 the preceding reception, the gain control amount in the succeeding reception is 
increased. Therefore, since the gain control amount can be set by deciding 
more appropriately the change direction of the gain control amount to be set 
subsequently, the optimum gain control amount can be set under the 
environment of the strong electric field IM or the environment in which the 
10 electric field intensity is changed strongly. 

In particular, according to the radio receiver set forth in aspect 14 
and the radio receiving method set forth in aspect 26, preferably the 
available set range of the gain control amount, which is defined by the 
maximum value and the minimum value, should be set by the gain 



— 15 control amount range setting means (gain control amount range setting 
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tl step). Also, according to the radio receiver set forth in aspect 15 and 

O the radio receiving method set forth in aspect 27, in the gain control 

amount setting means (gain control amount setting step), the setting of 
the gain control amount is not changed when the gain control amount is 
20 more than the maximum value or is less than the minimum value of the 
available set range and also the measured result by the error rate 
measuring means is less than the predetermined value. Therefore, in 
the case that the set value of the gain control amount is set to the 
maximum value or the minimum value, when the error rate is 
25 sufficiently low, it is possible to prevent the situation that the set value 
of the gain control amount is changed unnecessarily. 

In particular, according to the radio receiver set forth in aspect 16 
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and the radio receiving method set forth in aspect 28, preferably the 
storing means should update/hold the measured result by the error rate 
measuring means in the present reception as a measured result by the 
error rate measuring means in the preceding reception, update/hold the 
gain control amount set in the present reception as the set value of the 
gain control amount in the preceding reception, and update/hold the 
gain control amount set by the gain control amount setting means in the 
present reception as the gain control amount set in the succeeding 
reception every reception or per the predetermined number of times of 
reception. Therefore, the more effective process can be accomplished in 
the gain control amount setting means (gain control amount setting 
step). 

Also, according to the radio receiver set forth in aspects 3, 5, 6, 
the radio receiving method set forth in aspect 29, and the recording medium 
set forth in aspect 31 of the present invention, when the signal having the 
signal format that is transmitted while changing the transmitting conditions 
such as the transmission data speed into two types or more is received, the 
threshold of electric field intensity level which start AGC operation is set by 
the threshold setting means (threshold setting step) to start the gain control 
operation of the gain controlling means in response to the transmission 
condition of the signal. In the first controlling means (first controlling step), 
when the electric field intensity detected by the electric field intensity 
detecting means reaches thethreshold of electric field intensity level which 
starts AGC operation, the gain controlling means is caused to start the gain 
control operation. 

As the radio receiver which receives the signal having the signal 
format that is transmitted while changing the transmitting conditions such as 



the transmission data speed into two types or more, for example, there are the 
FLEX system pager, the FLEX-TD system pager, etc. In such radio receiver, 
since the threshold of electric field intensity level which start AGC operation 
can be set to meet the transmission conditions of the signal, the optimum gain 
control of the gain controlling means can be achieved to satisfy the 
transmission conditions of the signal, and as a result the communication 
quality in the mobile radio communication can be considerably improved. 

Also, according to the radio receiver set forth in aspects 4, 5, the 
radio receiving method set forth in aspect 30, and the recording medium 
set forth in aspect 31 of the present invention, when the signal having 
the signal format that is transmitted while changing the transmitting 
conditions such as the transmission data speed into two types or more is 
received, the gain control amount of the gain controlling means is set by 
the gain control setting means (gain control amount setting step) in 
response to the transmission condition of the signal. In the second 
controlling means (second controlling step), the gain controlling means 
is caused to change the gain in response to the gain control amount. 

For example, in the radio receiver such as the FLEX system pager, 
the FLEX-TD system pager, or the like which receives the signal having the 
signal format that is transmitted while changing the transmitting conditions 
such as the transmission data speed into two types or more, the gain control 
amount can be set to meet the transmission conditions of the signal. Thus, 
the optimum gain control of the gain controlling means can be achieved to 
satisfy the transmission conditions of the signal. As a result, the 
communication quality in the mobile radio communication can be considerably 
improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG.l is a view showing a configuration of a radio receiver according to 
a first embodiment of the present invention. 

FIG.2 is a view showing a particular configuration of a field intensity 
detector in the radio receiver according to the first embodiment. 

FIG.3 is a flowchart showing an AGC threshold setting method (first 
example) in the radio receiver according to the first embodiment. 

FIG.4 is a flowchart showing an AGC threshold setting method (second 
example) in the radio receiver according to the first embodiment. 

FIG. 5 is a flowchart showing an AGC threshold setting method (third 
example) in the radio receiver according to the first embodiment. 

FIG.6 is a flowchart showing an AGC threshold setting method (fourth 
example) in the radio receiver according to the first embodiment. 

FIG. 7 is a flowchart showing an AGC threshold setting method (fifth 
example) in the radio receiver according to the first embodiment. 

FIG.8 is a view showing a configuration of a radio receiver according to 
a second embodiment of the present invention. 

FIG. 9 is a view showing a particular configuration of a gain control 
circuit in the radio receiver according to the second embodiment. 

FIG. 10 is a flowchart showing an AGC gain control amount setting 
method (first example) in the radio receiver according to the second 
embodiment. 

FIG. 11 is a flowchart showing an AGC gain control amount setting 
method (second example) in the radio receiver according to the second 
embodiment. 

FIG. 12 is a flowchart showing an AGC gain control amount setting 
method (third example) in the radio receiver according to the second 
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embodiment. 

FIG. 13 is a flowchart showing an AGC gain control amount setting 
method (fourth example) in the radio receiver according to the second 
embodiment. 

FIG. 14 is a flowchart showing an AGC gain control amount setting 
method (fifth example) in the radio receiver according to the second 
embodiment. 

FIG. 15 is a view showing a configuration of a radio receiver according 
to a third embodiment of the present invention. 

FIG. 16 is a flowchart showing a method of setting AGC thresholds 
separately based on signal transmission states, in the radio receiver according 
to the third embodiment. 

FIG. 17 is a view showing a configuration of a radio receiver according 
to a fourth embodiment of the present invention. 

FIG. 18 is a flowchart showing a method of setting AGC gain control 
amounts separately based on signal transmission states, in the radio receiver 
according to the fourth embodiment. 

FIG. 19 is a view showing a configuration of a radio receiver having a 
continuous gain control type automatic gain control circuit (first comparative 
example) in the prior art. 

FIG. 20 is a chart showing relationships among AGC thresholds, IM 
characteristics, and margins of sensitivity in the AGC operation in the 
continuous gain control type automatic gain control circuit. 

FIG. 21 is a view showing a configuration of a radio receiver having a 
step-wise gain control type automatic gain control circuit (second comparative 
example) in the prior art. 

FIG. 22 is a chart showing relationships among AGC thresholds, gain 



control amounts, and calling rates in the step -wise gain control type automatic 
gain control circuit. 

FIG. 23 is a chart showing relationships among AGC thresholds, gain 
control amounts, and call acceptable areas in the IM characteristics in the 
step -wise gain control type automatic gain control circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the radio receiver, the radio receiving method, 
and a recording medium of the present invention will be explained in detail 
with reference to the accompanying drawings in the order of [First 
Embodiment], [Second Embodiment], [Third Embodiment], and [Fourth 
Embodiment] hereinafter. In the description of respective embodiments, the 
radio receiver and the radio receiving method according to the present 
invention will be explained in detail, but description of the recording medium 
according to the present invention may be contained in the following 
explanation of the radio receiving method since such recording medium 
records the program to cause the radio receiver to execute the radio receiving 
method. 

[First Embodiment] 

FIG.l shows a configuration of a radio receiver according to a first 
embodiment of the present invention. 

In FIG.i, the radio receiver according to the first embodiment is 
constructed to include an antenna 101, a low noise signal amplifier (LNA) 102, 
a local oscillator circuit (Local) 103, a frequency converter circuit (Mix) 104, a 
field intensity detector 105, a gain control circuit 106, a signal processor 
portion 107, a memory 108, and an error rate measuring circuit 109. 

The antenna 101 receives a signal transmitted from a base 
station (not shown). The low-noise signal amplifier 102 amplifies the 



signal received via the antenna 101. The frequency converter circuit 
104 executes the frequency conversion by multiplying the signal 
amplified by the low-noise signal amplifier 102 by the signal from the 
local oscillator circuit 103. 

When the electric field intensity of the signal reaches the 
threshold of electric field intensity level which start AGC operation on 
the basis of a control parameter (signal CNl), the field intensity 
detector 105 changes a voltage of an output signal GCl in response to an 
intensity of the received signal whose frequency is converted into the 
intermediate frequency (IF) by the frequency converter circuit 104. 
The gain control circuit 106 changes the gain control amount in answer 
to the output signal GCl from the field intensity detector 105. 

In the memory 108, an error rate measured result in the preceding 
reception, a set value of the threshold of electric field intensity level which 
start AGC operation in the preceding reception, other parameters used in the 
process to set the threshold of electric field intensity level which start AGC 
operation in the succeeding reception, and the threshold of electric field 
intensity level which start AGC operation set by the process in the succeeding 
reception, etc. are stored. 

The signal processor portion 107 demodulates the received signal, sets 
the threshold of electric field intensity level which starts AGC operation in the 
succeeding reception based on data of the error rate of the received signal and 
the set values in the automatic gain control (abbreviated to "AGC" hereinafter) 
by comparing the data in the present reception with the data stored in the 
memory 108 in the preceding reception, and controls the field intensity 
detector 105 by supplying the control parameter (signal CNl). Also, the 
signal processor portion 107 updates the error rate measured result stored in 
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the memory 108 in the preceding reception by the error rate measured result 
in the present reception, updates the set value of the threshold of electric field 
intensity level which start AGC operation in the preceding reception by the 
threshold of electric field intensity level which start AGC operation set in the 
present reception, and updates the threshold of electric field intensity level 
which start AGC operation set in the succeeding reception by the threshold of 
electric field intensity level which start AGC operation set by the signal 
processor portion 107 in the present reception. 

As described above, the threshold of electric field intensity level 
which start AGC operation to be set in the present reception is decided 
by the process in the signal processor portion 107 in the preceding 
reception and is stored in the memory 108. The signal processor 
portion 107 controls the setting of the field intensity detector 105 by 
outputting the control signal CN1 in response to the stored threshold of 
electric field intensity level which start AGC operation by looking up the 
memory 108.. 

Then, a particular configuration for changing the setting of the field 
intensity detector 105 based on the control signal CNl from the signal 
processor portion 107 will be explained with reference to FIG. 2 hereunder. 
FIG.2 shows the particular configuration of a field intensity detector in the 
radio receiver according to the first embodiment. In FIG.2, the field intensity 
detector 105 is constructed to include a field intensity detector portion 111, a 
reference voltage switching circuit 112, and an operation start field value 
switching circuit 113. 

The field intensity detector portion 111 detects the electric field 
intensity of the intermediate frequency signal IF after the frequency 
conversion. The field intensity detector portion 111 has such a 
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characteristic that an output voltage is increased with the increase in 
the signal intensity when the voltage output according to the intensity 
of the signal input into the radio receiver is changed. 

The reference voltage switching circuit 1 12 switches the output voltage 
(reference intensity level of the threshold of electric field intensity level which 
start AGC operation) based on the control signal CNl from the signal 
processor portion 107. 

The operation start field value switching circuit 113 compares the 
output voltage of the field intensity detector portion 111 with the output 
voltage of the reference voltage switching circuit 112, and then outputs the 
signal GCl to the gain control circuit 106 in response to the output signal of 
the field intensity detector portion 111 when the output of the field intensity 
detector portion 111 exceeds the output voltage of the reference voltage 
switching circuit 112. 

In the particular configuration in FIG. 2, the reference voltage of 
the reference voltage switching circuit 112, which corresponds to the 
threshold of electric field intensity level which start AGC operation, is 
stored in the memory 108 as a control parameter. In other words, the 
signal processor portion 107 reads the control parameter (reference 
voltage), which corresponds to the threshold of electric field intensity 
level which start AGC operation set in the preceding reception, from the 
memory 108, and then outputs the control parameter as the control 
signal CNl to the reference voltage switching circuit 112 provided in the 
field intensity detector 105 to switch the output voltage of the reference 
voltage switching circuit 112 (i.e., the reference voltage of the operation 
start field value switching circuit 113). 

The output of the field intensity detector portion 111 whose output 
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voltage is changed according to the intensity of the signal input into the radio 
receiver and the output of the reference voltage switching circuit 112 are 
compared with each other by the operation start field value switching circuit 
113, and then the signal GC1 is output from the field intensity detector 105 to 
5 the gain control circuit 106 when the output of the field intensity detector 
portion 111 is larger than the output of the reference voltage switching circuit 
112. In this manner, in the particular configuration in FIG.2, it is possible to 
change the threshold of electric field intensity level which start AGC operation 
by switching the reference voltage of the reference voltage switching circuit 
10 112. * 

Ul As the particular example of the configuration to change the setting of 

the field intensity detector 105 (first controlling means), followings may be 
considered other than the above first particular configuration in FIG.2. 

For example, as a second particular configuration, such a 
5 15 configuration may be considered that the output IF of the frequency 
converter circuit 104 (intermediate frequency signal after the frequency 
conversion) is amplified by a variable gain amplifier, and then the 
amplified signal is supplied to the field intensity detector. At this time, 
a gain of the variable gain amplifier is changed based on the control 
20 signal CNl from the signal processor portion 107. 

Also, as a third particular configuration, such a configuration may be 
considered that a field intensity detector to have a current output and a 
current/voltage converter circuit are provided, and an output of the field 
intensity detector is used as the current output (i.e., the current output is 
25 changed in response to a signal level of the signal IF after the frequency 
conversion). At this time, a conversion gain of the current/voltage converter 
circuit is changed based on the control signal CNl from the signal processor 
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portion 107. 

For example, the error rate measuring circuit 109 is composed of a 
BCH code correction circuit, and calculates an error rate of the signal based on 
the error correction number and the error uncorrection number of the 
demodulated signal. 

In the mobile radio receiver system of this day, normally the 
radio signal is transmitted as BCH codes in many cases to improve the 
communication quality. Therefore, the radio receiver to receive the 
BCH-coded radio signal is equipped with a BCH code correction circuit. 
Thus, the radio receiver of this embodiment utilizes the BCH code 
correction circuit as the error rate measuring circuit 109. That is, in 
the case that the error can be corrected in the BCH code correction 
circuit, the error rate of the signal in the signal interval can be 
measured by weighting that the error is caused at a certain value, or by 
counting the error correction number and the error uncorrection number 
in the signal interval. 

For example, the case will be considered where one word is composed 
of 32 bit signal and the error rate of the signal on one block constituting eight 
words (256 bits) is measured. According to the BCH code correction circuit 
that can correct up to two bits of one word, it is possible to recognize the error 
of the signal of less than two bits in one word. Also, if there is the error of 
more than three bits in one word, it is impossible to correct the error and thus 
it is impossible to recognize the bit number of the error. In this case, if the 
error number of the word in which the error of more than three bits is 
generated is decided uniformly into a particular value, the error rate of the 
signal in the block can be calculated. Here, the calculation will be made 
under the assumption that the error rate of the word in which the error of 
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more than three bits is generated is set uniformly to "3". 

The case where the number of error correction in one block is "5" and 
the number of error uncorrection words is "1" is considered as one example. 
The error number of the overall block (256 bits) is calculated as a sum of the 
error correction number and a value obtained by multiplying the error 
uncorrection word number by the error number 3 , i.e., 5+3 x 1=8. Therefore, 
the error rate of the signal in this block is given by dividing the error number 
of the overall block by all bit number, i.e., 8/256=0.03125. 

In this manner, the error rate of the received signal can be calculated 
by counting the error correction number and the error uncorrection number in 
the BCH code correction circuit. In the first embodiment, the receiving 
quality can be improved since the BCH code correction circuit is utilized as the 
error rate measuring circuit 109 and then the setting of AGC is controlled by 
utilizing positively the result of the received signal by the error rate 
measuring circuit 109. 

Then, examples of the radio receiving method in the radio receiver 
according to the first embodiment having the above configuration (AGC 
threshold setting method utilizing the measured result of the received signal 
obtained by the error rate measuring circuit 109) will be explained in detail 
with reference to the drawings in the order of (First Example), (Second 
Example), (Third Example), (Fourth Example), and (Fifth Example) hereunder. 

In the following explanation, as for the relationship between the set value of 
the threshold of electric field intensity level which start AGC operation and 
the electric field intensity level in the AGC operation, assume that, if the set 
value is small, the AGC operation is started even when the electric field level 
is small whereas, if the set value is large, the AGC operation is not started 
until the electric field level becomes large. 



(First Example) 

FIG. 3 shows a flowchart of an AGC threshold setting method 
(first example) in the radio receiver according to the first embodiment. 
In the threshold setting method of the first example, if the error rate in 
the present reception is smaller than that in the preceding reception, 
the changing direction of the threshold of electric field intensity level 
which start AGC operation in the succeeding reception is kept in the 
same direction as that in the preceding reception since the error rate 
could be improved while, if the error rate in the present reception is 
larger than that in the preceding reception, the changing direction of 
the threshold of electric field intensity level which start AGC operation 
in the succeeding reception is switched in the direction opposite to that 
in the preceding reception since the error rate has been degraded. In 
this case, a change amount of the threshold of electric field intensity 
level which start AGC operation is set constant. 

Then, the variables used in FIG.3 (parameters stored in the memory 
108) will be explained. ERRORl is the error rate measured result of the 
received signal in the preceding reception, and an initial value described later 
is set at the time of initial set-up of the radio receiver. ERROR2 is the error 
rate measured result of the received signal in the present reception. START 
is the set value of the AGCthreshold, and d is a change control amount of the 
AGCthreshold. 

First, when the initial set-up is carried out by turning ON the 
- power supply of the radio receiver in step S101, parameters ERRORl, 
ERROR2, START, and d are set to predetermined initial values in step 
S102. These step S101, S102 are the initial setting process in the 
set-up operation. Steps S103 to S107 described later are processes that 
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set the threshold of electric field intensity level which start AGC 
operation by deciding appropriately the change direction of the 
threshold of electric field intensity level which start AGC operation to be 
set subsequently, and are carried out per a single reception or per 
several receptions after the reception has been conducted by the 
predetermined number of times. 

In step S103, the radio signal is received by setting the threshold 
of electric field intensity level which start AGC operation to START. In 
step S104, the error rate of the received signal is measured by the error 
rate measuring circuit 109, and then the measured result is stored in 
ERROR2 as the error rate in the present reception. 

Then, in step S105, the error rate ERRORl in the preceding reception 
is compared with the error rate ERROR2 in the present reception. If the 
error rate of the received signal can be improved because the error rate 
ERROR2 in the present reception is smaller than the error rate ERRORl in 
the preceding reception, it is decided that the error rate of the received signal 
could be improved by controlling the AGCthreshold. Thus, in order to keep 
the change in the AGC threshold in the succeeding reception in the same 
direction as that in the preceding reception, the polarity of the change control 
amount d is not changed. In contrast, if the error rate of the received signal 
is degraded because the error rate ERROR2 in the present reception is larger 
than the error rate ERRORl in the preceding reception, it is decided that the 
error rate of the received signal has degraded by controlling the AGCthreshold. 

Thus, in step S106, in order to change the AGC threshold in the succeeding 
reception in the opposite direction to that in the preceding reception, the 
polarity of the change control amount d is inverted. 

Finally, in step S107, the error rate ERROR2 in the present 



reception is stored in ERRORl to prepare for the succeeding reception, 
and a value obtained by adding the change control amount d to the set 
value START in the present reception is stored as the AGC threshold in 
the succeeding reception. In addition, when the power supply of the 
radio receiver is turned ON, the receiving operation is still carried out 
by repeating above steps S103 to S107. 

As described above, in the threshold of electric field intensity 
level which start AGC operation setting method according to the first 
example, since the threshold of electric field intensity level which start 
AGG operation can be set by deciding appropriately the change direction 
of the threshold of electric field intensity level which start AGC 
operation to be set subsequently, the setting of the optimum threshold of 
electric field intensity level which start AGC operation can be achieved 
under the environment of the strong electric field IM or the environment 
in which the electric field is changed strongly. 

(Second Example) 

Then, FIG. 4 shows a flowchart of an AGC threshold setting 
method (second example) in the radio receiver according to the first 
embodiment. In the threshold setting method according to the second 
example, the AGC threshold in the succeeding reception is set based on 
the error rate measured results of the received signal in the preceding 
reception and the present reception, like the first example. In addition, 
the controlled direction of the AGC threshold can be decided more 
appropriately by storing the AGC threshold and then comparing the 
AGC threshold in the preceding reception with the AGC threshold in the 
present reception, and thus such decision can be actively used in setting 
the AGC threshold in the succeeding reception. In this case, a change 



amount of the threshold of electric field intensity level which start AGC 
operation is set constant. 

Then, the variables used in FIG. 4 (parameters stored in the 
memory 108) will be explained. Like the first example, ERRORl, 
5 ERROR2, and d are the error rate in the preceding reception, the error 
rate in the present reception, and the change control amount 
respectively. START1 is the set value of the AGC threshold in the 
preceding reception, and START2 is the set value of the AGC threshold 
in the present reception. 

£3 

gg 10 First, when the initial set-up is carried out by turning ON the 

i*^ power supply of the radio receiver in step S201, parameters ERRORl, 

J ERROR2, START 1, START2, and d are set-to predetermined initial 

:= values in step S202. These steps S201, S202 are the initial setting 

jL process in the set-up operation. Steps S203 to S213 described later are 

]3 15 processes that set the threshold of electric field intensity level which 
start AGC operation by deciding appropriately the change direction of 
the threshold of electric field intensity level which start AGC operation 
to be set subsequently, and are carried out per a single reception or per 
several receptions after the reception has been conducted by the 
20 predetermined number of times. 

In step S203, the radio signal is received by setting the threshold 
of electric field intensity level which start AGC operation to START2. 
In step S204, the error rate of the received signal is measured by the 
error rate measuring circuit 109, and then the measured result is stored 
25 in ERROR2 as the error rate in the present reception. 

In step S205, the error rate ERROR2 in the present reception is 
compared with the error rate ERRORl in the preceding reception to 
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decide whether or not the error rate ERROR2 in the present reception is 
smaller than the error rate ERROR 1 in the preceding reception to thus 
improve the error rate of the received signal. In steps S206, S209, in 
order to detect to which direction the AGC treshold is changed to 
generate the change in the error rate, the AGC threshold START2 in the 
present reception is compared with the AGC threshold START 1 in the 
preceding reception. 

In step S205, if it is decided that the error rate of the received signal is 
improved, the process goes step S206. In step S206, if the threshold START2 
in the present reception is larger than the threshold START1 in the preceding 
reception, the process goes step S207. Then, a sign of the change control 
amount d is set positively such that the AGC threshold in the succeeding 
reception can be increased larger than the threshold START2 in the present 
reception. In contrast, in step S206, if the threshold START2 in the present 
reception is smaller than the threshold START 1 in the preceding reception, 
the process goes step S208. Then, a sign of the change control amount d is set 
negatively such that the AGC threshold in the succeeding reception can be 
reduced smaller than the threshold START2 in the present reception. 

In contrast, in step S205, if it is decided that the error rate of the 
received signal is degraded, the process goes step S209. In step S209, if the 
threshold START2 in the present reception is smaller than the threshold 
START1 in the preceding reception, the process goes step S210. Then, a sign 
of the change control amount d is set positively such that the AGC threshold in 
the succeeding reception can be increased larger than the threshold START2 
in the present reception. In contrast, in step S209, if the threshold START2 
in the present reception is larger than the threshold START 1 in the preceding 
reception, the process goes step S211. Then, a sign of the change control 



amount d is set negatively such that the AGC threshold in the succeeding 
reception can be reduced smaller than the threshold START2 in the present 
reception. 

Finally, in order to prepare for the succeeding reception, in step 
S212, the threshold START2 in the present reception is stored in 
START 1. Also, in step S213, the error rate ERROR2 in the present 
reception is stored in ERROR 1 and also a value obtained by adding the 
change control amount d to the set value START2 in the present 
reception is stored in START2 as the AGC threshold in the succeeding 
reception. In addition, when the power supply of the radio receiver is 
turned ON, the receiving operation is still carried out by repeating 
above steps S203 to S213. 

As described above, in the threshold setting method according to 
the second example, the threshold of electric field intensity level which 
starts AGC operation can be increased/ decreased in the same direction 
as that in the preceding reception if the error rate of the received signal 
is improved, and conversely the threshold of electric field intensity level 
which starts AGC operation can be increased/decreased in the opposite 
direction to that in the preceding reception if the error rate of the 
received signal is degraded. Therefore, since the threshold of electric 
field intensity level which starts AGC operation can be set by deciding 
more properly the change direction of the threshold of electric field 
intensity level which starts AGC operation to be set subsequently, the 
more appropriate threshold of electric field intensity level which starts 
AGC operation can be set under the environment of the strong electric 
field IM or the environment in which the electric field is changed 
strongly. 



(Third Example) 

FIG. 5 shows a flowchart of an AGC threshold setting method 
(third example) in the radio receiver according to the first embodiment. 
In the threshold setting method according to the third example, in 
addition to the above decision of the change direction of the threshold of 
electric field intensity level which starts AGC operation like the first 
example, a change amount of the threshold of electric field intensity 
level which starts AGC operation can be changed according to an error 
rate change amount such that, if the error rate change amount is 
smaller than a predetermined value, the change amount of the threshold 
of electric field intensity level which starts AGC operation is kept at a 
constant value as it is whereas, if the error rate change amount is larger 
than the predetermined value, the change amount of the threshold of 
electric field intensity level which starts AGC operation is changed into 
a predetermined value. 

Then, the variables used in FIG. 5 (parameters stored in the 
memory 108) will be explained. Like the first example, ERROR 1, 
ERROR2, START and d are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the threshold of 
electric field intensity level which starts AGC operation, and the change 
control amount respectively. Also, REF1 is a reference value of the 
error rate change amount of the received signal per one control step 
(change control amount d) of the AGC threshold. If a value obtained by 
dividing an absolute value of difference between ERROR 1 and ERROR2 
by a change amount control parameter n described later exceeds REF1, 
such change amount control parameter n, i.e., a change amount of the 
AGC threshold in the succeeding reception is changed. Also, nO is a 
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value that is set as the change amount control parameter n when the 
error rate change amount of the received signal per one control step 
(change control amount d) of the AGC threshold exceeds REFl. Also, 
is a change amount of the AGC threshold, and a value that is n 
times the change control amount d is set as ^S. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S301, parameters ERRORl, 
ERROR2, START, d, As, REFl, n and nO are set to predetermined 
initial values in step S302. These steps S301, S302 are the initial 
setting process in the set-up operation. Steps S303 to S3 11 described 
later are processes that set the threshold of electric field intensity level 
which starts AGC operation by deciding appropriately the change 
direction of the threshold of electric field intensity level which starts 
AGC operation to be set subsequently and deciding the change amount, 
and are carried out per a single reception or per several receptions after 
the reception has been conducted by the predetermined number of times. 

In step S303, the radio signal is received by setting the threshold 
of electric field intensity level which starts AGC operation to START. 
In step S304, the error rate of the received signal is measured by the 
error rate measuring circuit 109, and then the measured result is stored 
in ERROR2 as the error rate in the present reception. 

Then, in step S305, the error rate ERROR2 in the present 
reception is compared with the error rate ERRORl in the preceding 
reception. If the error rate ERROR2 in the present reception is smaller 
than the error rate ERRORl in the preceding reception and thus the 
error rate of the received signal is improved, it is decided that the error 
rate of the received signal can be improved by the AGC threshold control. 



Thus, in order to change the AGC threshold in the succeeding reception 
in the same direction as that in the preceding reception, the polarity of 
the change control amount d is not changed. In contrast, if the error 
rate ERROR2 in the present reception is larger than the error rate 
ERROR1 in the preceding reception and thus the error rate of the 
received signal is degraded, it is decided that the error rate of the 
received signal is deteriorated by the AGC threshold control. Then, the 
process goes step S306 wherein the polarity of the change control 
amount d is inverted such that the AGC threshold in the succeeding 
reception can be changed in the opposite direction to that in the 
preceding reception. 

Then, in step S307, a value obtained by dividing an absolute 
value of difference between the error rate ERROR 1 in the preceding 
reception and the error rate ERROR2 in the present reception by the 
change amount control parameter n is compared with the reference 
value REFl. If such value obtained by dividing the absolute value of 
difference between ERROR 1 and ERROR2 by the change amount control 
parameter n exceeds REFl, the process goes to step S308 wherein nO is 
set as the change amount control parameter n. In contrast, if the value 
obtained by dividing the absolute value of difference between ERROR 1 
and ERROR2 by the change amount control parameter n is less than 
REFl, the process goes to step S309 wherein "1" is set as the change 
amount control parameter n. 

Then, in step S3 10, a value that is n times the change control 
amount d is set as the change amount of the AGC threshold. 

Finally, in order to prepare for the succeeding reception, in step S3 11, 
the error rate ERROR2 in the present reception is stored in ERROR 1, 



and also a value obtained by adding the change amount A S to the set 
value START in the present reception is stored in START as the AGC 
threshold in the succeeding reception. In addition, when the power 
supply of the radio receiver is turned ON, the receiving operation is still 
carried out by repeating above steps S303 to S3 11. 

As described above, in the threshold setting method according to 
the third example, the threshold of electric field intensity level which 
starts AGC operation can be set by deciding appropriately the change 
direction of the threshold of electric field intensity level which starts 
AGC operation to be set subsequently, and a change amount of the 
threshold of electric field intensity level which starts AGC operation can 
be changed according to the error rate change amount. Therefore, the 
more appropriate threshold of electric field intensity level which starts 
AGC operation can be set under the environment of the strong electric 
field IM or the environment in which the electric field is changed 
strongly. 

(Fourth Example) 

FIG. 6 shows a flowchart of an AGC threshold setting method 
(fourth example) in the radio receiver according to the first embodiment. 

In the threshold setting method according to the fourth example, before 
the above decision of the change direction of the threshold of electric 
field intensity level which starts AGC operation like the first example, 
the AGC threshold is returned to a predetermined initial value when the 
error rate exceeds a predetermined value. In this case, the change 
amount of the threshold of electric field intensity level which starts AGC 
operation is set constant. 

Then, the variables used in FIG. 6 (parameters stored in the 



memory 108) will be explained. Like the first example, ERROR 1, 
ERROR2, START and d are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the threshold of 
electric field intensity level which starts AGC operation, and the change 
control amount respectively. Also, REF2 is a reference value that is 
compared with the error rate ERROR2 in the present reception. In 
addition, STARTO is a predetermined set value of the AGC threshold. 
When the error rate ERROR2 in the present reception exceeds the 
reference value REF2, the AGC threshold (START) is set to the 
predetermined set value STARTO. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S401, parameters ERROR 1, 
ERROR2, START, d, REF2 and STARTO are set to predetermined initial 
values in step S402. These steps S401, S402 are the initial setting 
process in the set-up operation. Steps S403 to S409 described later are 
processes that set the threshold of electric field intensity level which 
starts AGC operation by deciding appropriately the change direction of 
the threshold of electric field intensity level which starts AGC operation 
to be set subsequently, and are carried out per a single reception or per 
several receptions after the reception has been conducted by the 
predetermined number of times. 

In step S403, the radio signal is received by setting the threshold 
of electric field intensity level which starts AGC operation to START. 
In step S404, the error rate of the received signal is measured by the 
error rate measuring circuit 109, and then the measured result is stored 
in ERROR2 as the error rate in the present reception. 

Then, in step S405, the error rate ERROR2 in the present 



reception is compared with the reference value REF2. If the error rate 
ERROR2 in the present reception exceeds the reference value REF2, the 
process goes to step S406 wherein STARTO is set as the AGC threshold 
(START) in the succeeding reception. Then, the process goes to step 
S410 wherein a value of the error rate ERROR2 in the present reception 
is stored in ERRORl to prepare for the succeeding reception. In 
contrast, if the error rate ERROR2 in the present reception does not 
exceed the reference value REF2, the process goes to step S407. 

In step S407, the error rate ERROR2 in the present reception is 
compared with the error rate ERRORl in the preceding reception. If 
the error rate ERROR2 in the present reception is smaller than the error 
rate ERRORl in the preceding reception and thus the error rate of the 
received signal is improved, it is decided that the error rate of the 
received signal can be improved by the AGC threshold control. Thus, in 
order to change the AGC threshold in the succeeding reception in the 
same direction as that in the preceding reception, the polarity of the 
change control amount d is not changed. In contrast, if the error rate 
ERROR2 in the present reception is larger than the error rate ERRORl 
in the preceding reception and thus the error rate of the received signal 
is degraded, it is decided that the error rate of the received signal is 
deteriorated by the AGC threshold control. Then, the process goes step 
S408 wherein the polarity of the change control amount d is inverted 
such that the AGC threshold in the succeeding reception can be changed 
in the opposite direction to that in the preceding reception. 

Finally, in step S409, in order to prepare for the succeeding 
reception, the error rate ERROR2 in the present reception is stored in 
ERRORl, and also a value obtained by adding the change control 



amount d to the set value START in the present reception is stored in 
START as the AGC threshold in the succeeding reception. In addition, 
when the power supply of the radio receiver is turned ON, the receiving 
operation is still carried out by repeating above steps S403 to S409. 
5 As described above, in the threshold setting method according to 

the fourth example, before the threshold of electric field intensity level 
which starts AGC operation is set by deciding appropriately the change 
direction of the threshold of electric field intensity level which starts 
AGC operation to be set subsequently, the AGC threshold is returned to 
.« 10 the predetermined initial value when the error rate exceeds the 
predetermined value. Therefore, the more appropriate threshold can be 
ffj set under the environment of the strong electric field IM or the 

2 environment in which the electric field is changed strongly, and also the 

L. appropriate countermeasure can be taken when the setting of the 

M3 15 threshold is largely out of the range. 

O 

N; (Fifth Example) 

Q 

Q FIG. 7 shows a flowchart of an AGC threshold setting method 

(fifth example) in the radio receiver according to the first embodiment. 
In the threshold setting method according to the fifth example, an 

2 0 available set range of the threshold of electric field intensity level which 
starts AGC operation, that is defined by a maximum value and a 
minimum value, is set. Then, if the threshold of electric field intensity 
level which starts AGC operation is less than the minimum value of the 
available set range or more than the maximum value thereof, the setting 

2 5 of the threshold of electric field intensity level which starts AGC 
operation is not changed when the error rate in the present reception is 
below the predetermined value. In contrast, if the threshold of electric 
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field intensity level which starts AGC operation is in the available set 
range, the decision of the change direction of the threshold of electric 
field intensity level which starts AGC operation is made, like the first 
example. In this case, the change amount of the threshold of electric 
field intensity level which starts AGC operation is set constant. 

Then, the variables used in FIG. 7 (parameters stored in the 
memory 108) will be explained. Like the first example, ERROR 1, 
ERROR2, START and d are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the threshold of 
electric field intensity level which starts AGC operation, and the change 
control amount respectively. Also, S#MIN, S#MAX are the minimum 
set value and the maximum set value of the threshold of electric field 
intensity level which starts AGC operation respectively, and setting of 
the maximum value and the minimum value of the AGC threshold is 
controlled to move within the range from S#MIN to S#MAX. Also, 
REF3 is a reference value that is compared with the error rate ERROR2 
in the present reception when the AGC threshold is set below the 
minimum set value S#MIN. When the AGC threshold is set below the 
minimum set value S#MIN and also the error rate ERROR2 in the 
present reception is less than the reference value REF3, the setting of 
the threshold of electric field intensity level which starts AGC operation 
is not changed. In addition, REF4 is a reference value that is 
compared with the error rate ERROR2 in the present reception when the 
AGC threshold is set over the maximum set value S#MAX. When the 
AGC threshold is set over the maximum set value S#MAX and also the 
error rate ERROR2 in the present reception is less than the reference 
value REF4, the setting of the AGC threshold is not changed. 



First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S501, parameters ERRORl, 
ERROR2, START, d, REF3, REF4, S#MIN and S#MAX are set to 
predetermined initial values in step S502. These steps S501, S502 are 
the initial setting process in the set-up operation. Steps S503 to S514 
described later are processes that set the threshold of electric field 
intensity level which starts AGC operation by deciding appropriately the 
change direction of the AGC threshold to be set subsequently, and are 
carried out per a single reception or per several receptions after the 
reception has been conducted by the predetermined number of times. 

In step S503, the radio signal is received by setting the threshold 
of electric field intensity level which starts AGC operation to START. 
In step S504, the error rate of the received signal is measured by the 
error rate measurin g circu it y 109 , and then the measured result is stored 
in ERROR2 as the error rate in the present reception. 

Then, in step S505, it is decided whether or not the setting of the 
AGC threshold (START) in the present reception is less than the 
minimum set value S#MIN. If the setting of the AGC threshold 
(START) exceeds the minimum set value S#MIN, the process goes to step 
S506. In contrast, if the setting of the AGC threshold (START) is less 
than the minimum set value S#MIN, the process goes to step S507. In 
step S507, the error rate ERROR2 in the present reception is compared 
with the reference value REF3. If the error rate ERROR2 in the 
present reception exceeds the reference value REF3, the process goes to 
step S508. Then, a sign of the change control amount d is set positively 
such that the AGC threshold in the succeeding reception is increased by 
one step, and then the process goes to step S513. In contrast, if the 
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error rate ERROR2 in the present reception is less than the reference 
value REF3, the setting of the AGC threshold is not changed. Then, 
the process goes to step S514 wherein a value of the error rate ERROR2 
in the present reception is stored in ERRORl to prepare for the 
succeeding reception. 

In contrast, if the setting of the AGC threshold (START) exceeds 
the minimum set value S#MIN, the process goes to step S506. In this 
case, in step S506, it is decided whether or not the setting of the AGC 
threshold (START) in the present reception is in excess of the maximum 
set value S#MAX. If the setting of the AGC threshold (START) is less 
than the maximum set value S#MAX, the process goes to step S511. In 
contrast, if the setting of the AGC threshold (START) exceeds the 
maximum set value S#MAX, the process goes to step S509. In step 

5509, the error rate ERROR2 in the present reception is compared with 
the reference value REF4. If the error rate ERROR2 in the present 
reception exceeds the reference value REF4, the process goes to step 

5510. Then, a sign of the change control amount d is set negatively 
such that the AGC threshold in the succeeding reception is decreased by 
one step, and then the process goes to step S513. Also, if the error rate 
ERROR2 in the present reception is less than the reference value REF4, 
the setting of the AGC threshold is not changed and then the process 
goes to step S514. Then, a value of the error rate ERROR2 in the 
present reception is stored in ERRORl to prepare for the succeeding 
reception. 

In contrast, if the setting of the AGC threshold (START) is less than 
the maximum set value S#MAX, the process goes to step S511. In step S511, 
the error rate ERROR2 in the present reception is compared with the error 



rate ERROR 1 in the preceding reception. If the error rate ERROR2 in the 
present reception is smaller than the error rate ERROR 1 in the preceding 
reception and thus the error rate of the received signal is improved, it is 
decided that the error rate of the received signal can be improved by the AGC 
threshold control. Thus, in order to change the AGC threshold in the 
succeeding reception in the same direction as that in the preceding reception, 
the polarity of the change control amount d is not changed. In contrast, if the 
error rate ERROR2 in the present reception is larger than the error rate 
ERROR 1 in the preceding reception and thus the error rate of the received 
signal is degraded, it is decided that the error rate of the received signal is 
deteriorated by the AGC threshold control. Then, the process goes step S512 
wherein the polarity of the change control amount d is inverted such that the 
AGC threshold in the succeeding reception can be changed in the opposite 
direction to that in the preceding reception. 

Finally, in step S513, in order to prepare for the. succeeding 
reception, the error rate ERROR2 in the present reception is stored in 
ERROR 1, and also a value obtained by adding the change control 
amount d to the set value START in the present reception is stored in 
START as the AGC threshold in the succeeding reception. In addition, 
when the power supply of the radio receiver is turned ON, the receiving 
operation is still carried out by repeating above steps S503 to S514. 

As described above, in the threshold setting method according to 
the fifth example, the available set range that is defined by the 
maximum value and the minimum value of the threshold of electric field 
intensity level which starts AGC operation is set. Then, if the AGC 
threshold is less than the minimum value of the available set range or 
more than the maximum value thereof, the setting of the AGC threshold 
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is not changed when the error rate in the present reception is below the 
predetermined value. In contrast, if the AGC threshold is positioned in 
the available set range, the AGC threshold is set by deciding 
appropriately the change direction of the AGC threshold to be set 
subsequently. Therefore, the optimum AGC threshold can be set under 
the environment of the strong electric field IM or the environment in 
which the electric field is changed strongly, and also it is possible to 
prevent the situation that, in the case that the set value of the AGC 
threshold is set to the maximum value or the minimum value, the set 
value of the AGC threshold is unnecessarily changed when the error 
rate is sufficiently small. 

As described above, according to the radio receiver and the radio 
receiving method according to the first embodiment, since the AGC 
threshold is set according to the measured result of the error rate of the 
received signal by the error rate measuring circuit 109, the optimum 
AGC threshold can be set to meet the radio wave situation in which the 
radio receiver, i.e., the receiving situation of the received signal and also 
the gain control of the gain controlling means can be achieved to 
optimize the signal quality of the received signal in the situation of 
either the IM characteristic or the electric field variation characteristic, 
e.g., under the environment of the strong electric field IM or the 
environment in which the electric field is changed strongly. As a result, 
the communication quality in the mobile radio communication can be 
considerably improved. 
[Second Embodiment] 

Next, FIG.8 is a view showing a configuration of a radio receiver 
according to a second embodiment of the present invention. 



In FIG. 8, the radio receiver according to the second embodiment 
is constructed to include an antenna 201, a low-noise signal amplifier 
(LNA) 202, a local oscillator circuit (Local) 203, a frequency converter 
circuit (Mix) 204, a field intensity detector 205, a gain control circuit 
206, a signal processor portion 207, a memory 208, and an error rate 
measuring circuit 209. 

The antenna 201 receives the signal transmitted from the base 
station (not shown). The low-noise signal amplifier 202 amplifies the 
signal received via the antenna 201. The frequency converter circuit 
204 executes the frequency conversion by multiplying the signal 
amplified by the low-noise signal amplifier 202 by the signal from the 
local oscillator circuit 203. 

The field intensity detector 205 changes a voltage of an output 
signal GC2 in response to an intensity of the received signal whose 
frequency is converted into the intermediate frequency (IF) by the 
frequency converter circuit 204. The gain control circuit 206 changes 
the gain control amount in response to the output signal GC2 from the 
field intensity detector 205 and a control parameter (signal CN2) from 
the signal processor portion 207. 

The memory 208 corresponds to a storing means. In this memory 208, 
the error rate measured result in the preceding reception, the set value of the 
gain control amount in the preceding reception, other parameters used in the 
process to set the gain control amount in the succeeding reception, and the 
gain control amount set by the process in the succeeding reception, etc. are 
stored. 

The signal processor portion 207 corresponds to a gain control 
amount setting means and a second controlling means. This signal 



processor portion 207 demodulates the received signal, sets the AGC 
gain control amount in the succeeding reception based on data of the 
error rate of the received signal and the set values in the AGC by 
comparing the data in the present reception with the data stored in the 
memory 208 in the preceding reception, and controls the gain control 
circuit 206 by supplying the control parameter (signal CN2). Also, the 
signal processor portion 207 updates the error rate measured result 
stored in the memory 208 in the preceding reception by the error rate 
measured result in the present reception, updates the set value of the 
gain control amount in the preceding reception by the gain control 
amount set in the present reception, and updates the gain control 
amount set in the succeeding reception by the gain control amount set 
by the signal processor portion 207 in the present reception. 

As described above, the AGC gain control amount to be set in the 
present reception is decided by the process in the signal processor 
portion 207 in the preceding reception and is stored in the memory 208. 
The signal processor portion 207 controls the setting of the gain control 
circuit 206 by outputting the control signal CN2 in response to the 
stored AGC threshold by looking up the memory 208. 

Then, a particular configuration for changing the setting of the gain 
control amount in the gain control circuit 206 based on the output signal GCl 
from the field intensity detector 205 and the control signal CN2 from the 
signal processor portion 207 will be explained with reference to FIG.9 
hereunder. FIG.9 shows a particular configuration of the gain control circuit 
206 in the radio receiver according to the second embodiment. In FIG.9, the 
gain control circuit 206 is constructed to include a current limiting resistor Hi, 
a capacitor Cl, a diode Dl, and a controlled voltage switching circuit 211. 
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The capacitor Cl acts as a coupling capacitor to cut off a DC 
component of the received signal and also acts to adjust the gain control 
amount. Normally a PIN diode or a band switching diode is used as the 
diode Dl, and has such a characteristic that the impedance between the 
anode and the cathode of the diode Dl is reduced in accordance with the 
current flowing through the diode Dl. 

The current limiting resistor Rl is provided to prevent the 
excessive current from flowing through the diode Dl. The controlled voltage 
switching circuit 211 outputs an output voltage that is set by the control signal 
CN2 from the signal processor portion 207 if a signal level of the output signal 
GC2 supplied from the field intensity detector 205 exceeds a certain constant 
value. 

The field intensity detector 205 outputs the signal GC2 to the 
controlled voltage switching circuit 211 to turn ON the AGG operation when 
the intermediate frequency (IF) signal whose level exceeds a predetermined 
value is input. The output voltage of the gain control circuit 206 is switched 
by the control signal CN2 supplied from the signal processor portion 207. 
Since the current value flowing through the diode Dl is changed by switching 
the output voltage, the impedance between the anode and the cathode can be 
changed and thus the gain control amount can be changed. In this manner, 
in the gain control circuit 206 in FIG. 9, it is possible to control the AGC gain 
control amount by the control signal CN2 in response to the error rate 
measured result supplied from the signal processor portion 207. 

As the particular example of the configuration to change the 
setting of the gain control amount, followings may be considered other 
than the above first particular configuration in FIG. 9. 

For example, as a second particular configuration, such a 



configuration may be considered that an output voltage switching circuit 
whose output voltage can be switched is provided to the low-noise signal 
amplifier (LNA) 202 and then the gain control amount is changed by 
switching/setting the output voltage of the output voltage switching 
circuit in the low-noise signal amplifier 202 based on the control signal 
in response to the error rate measured result from the signal processor 
portion 207. 

Also, as a third particular configuration, such a configuration 
may be considered that a current source with a current switching 
function is provided to the low-noise signal amplifier (LNA) 202 and 
then the gain control amount is changed by switching/setting the 
current value of the current source with the current switching function 
in the low-noise signal amplifier 202 based on the control signal in 
response to the error rate measured result from the signal processor 
portion 207. 

^ The error rate measuring circuit 209 corresponds to an error rate 
measuring means. For example, this error rate measuring circuit 209 is 
composed of the BCH code correction circuit, and calculates the error rate of 
the signal based on the error correction number and the error uncorrection 
number of the demodulated signal. The measuring principle of the error rate 
measuring circuit 209 is similar to the contents explained in the first 
embodiment. 

Then, examples of the radio receiving method in the radio receiver 
according to the second embodiment having the above configuration (AGC gain 
control amount setting method utilizing the measured result of the received 
signal obtained by the error rate measuring circuit 109) will be explained in 
detail with reference to the drawings in the order of (First Example), (Second 



Example), (Third Example), (Fourth Example), and (Fifth Example) hereunder 
In the following explanation, assume that the gain control amount is also set 
small if the set value of the gain control amount is small whereas the gain 
control amount is also set large if the set value of the gain control amount is 
large. 

(First Example) 

FIG. 10 shows a flowchart of an AGC gain control amount setting 
method (first example) in the radio receiver according to the second 
embodiment. In the gain control amount setting method of the first 
example, if the error rate in the present reception is smaller than that 
in the preceding reception, the changing direction of the gain control 
amount in the succeeding reception is kept in the same direction as that 
in the preceding reception since the error rate could be improved while, 
if the error rate in the present reception is larger than that in the 
preceding reception, the changing direction of the gain control amount 
in the succeeding reception is switched in the direction opposite to that 
in the preceding reception since the error rate has been degraded. In 
this case, a change amount of the gain control amount is set constant. 

Then, the variables used in FIG. 10 (parameters stored in the memory 
208) will be explained. ERROR 1 is the error rate measured result of the 
received signal in the preceding reception, and an initial value described later 
is set at the time of initial set-up of the radio receiver. ERROR2 is the error 
rate measured result of the received signal in the present reception. RED is 
the set value of the AGC gain control amount, and d is a change control 
amount to change the AGC gain control amount. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S601, parameters ERRORl, 



ERROR2, RED, and g are set to predetermined initial values in step 
S602. These step S601, S602 are the initial setting process in the 
set-up operation. Steps S603 to S607 described later are processes that 
set the gain control amount by deciding appropriately the change 
direction of the gain control amount to be set subsequently, and are 
carried out per a single reception or per several receptions after the 
reception has been conducted by the predetermined number of times. 

In step S603, the radio signal is received by setting the gain 
control amount to RED. In step S604, the error rate of the received 
signal is measured by the error rate measuring circuit 209, and then the 
measured result is stored in ERROR2 as the error rate in the present 
reception. 

Then, in step S605, the error rate ERROR 1 in the preceding reception 
is compared with the error rate ERROR2 in the present reception. If the 
error rate of the received signal can be improved because the error rate 
ERROR2 in the present reception is smaller than the error rate ERROR 1 in 
the preceding reception, it is decided that the error rate of the received signal 
could be improved by controlling the AGC gain control amount. Thus, in 
order to keep the change in the AGC gain control amount in the succeeding 
reception in the same direction as that in the preceding reception, the polarity 
of the change control amount g is not changed. In contrast, if the error rate of 
the received signal is degraded because the error rate ERROR2 in the present 
reception is larger than the error rate ERROR 1 in the preceding reception, it is 
decided that the error rate of the received signal has degraded by controlling 
the AGC threshold. Thus, the process goes to step S606. In order to change 
the AGC gain control amount in the succeeding reception in the opposite 
direction to that in the preceding reception, the polarity of the change control 



amount g is inverted. 

Finally, in step S607, the error rate ERROR2 in the present 
reception is stored in ERROR1 to prepare for the succeeding reception, 
and a value obtained by adding the change control amount g to the set 
value RED in the present reception is stored as the AGC gain control 
amount in the succeeding reception. In addition, when the power 
supply of the radio receiver is turned ON, the receiving operation is still 
carried out by repeating above steps S603 to S607. 

As described above, in the gain control amount setting method 
according to the first example, since the gain control amount can be set 
by deciding appropriately the change direction of the gain control 
amount to be set subsequently, the setting of the optimum gain control 
amount can be achieved under the environment of the strong electric 
field IM or the environment in which the electric field is changed 
strongly. 

(Second Example) 

FIG. 11 shows a flowchart of an AGC gain control amount setting 
method (second example) in the radio receiver according to the second 
embodiment. In the gain control amount setting method according to 
the second example, the AGC gain control amount in the succeeding 
reception is set based on the error rate measured results of the received 
signal in the preceding reception and the present reception, like the first 
example. In addition, the controlled direction of the AGC gain control 
amount can be decided more appropriately by storing the AGC threshold 
and then comparing the AGC gain control amount in the preceding 
reception with the AGC gain control amount in the present reception, 
and thus such decision can be actively used in setting the AGC gain 



control amount in the succeeding reception. In this case, a change 
amount of the gain control amount is set constant. 

Then, the variables used in FIG. 11 (parameters stored in the 
memory 208) will be explained. Like the first example, ERROR1, 
ERROR2, and g are the error rate in the preceding reception, the error 
rate in the present reception, and the change control amount 
respectively. REDl is the set value of the AGC gain control amount in 
the preceding reception, and RED2 is the set value of the AGC gain 
control amount in the present reception. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S701, parameters ERRORl, 
ERROR2, REDl, RED2, and g are set to predetermined initial values in 
step S702. These steps S701, S702 are the initial setting process in the 
set-up operation. Steps S703 to S713 described later are processes that 
set the gain control amount by deciding appropriately the change 
direction of the gain control amount to be set subsequently, and are 
carried out per a single reception or per several receptions after the 
reception has been conducted by the predetermined number of times. 

In step S703, the radio signal is received by setting the gain 
control amount to RED2. In step S704, the error rate of the received 
signal is measured by the error rate measuring. circuit 209, and then the 
measured result is stored in ERROR2 as the error rate in the present 
reception. 

In step S705, the error rate ERROR2 in the present reception is 
compared with the error rate ERRORl in the preceding reception to 
decide whether or not the error rate ERROR2 in the present reception is 
smaller than the error rate ERRORl in the preceding reception to thus 



improve the error rate of the received signal. In steps S706, S709, in 
order to detect to which direction the AGC gain control amount is 
changed to generate the change in the error rate, the AGC gain control 
amount RED2 in the present reception is compared with the AGC gain 
control amount REDl in the preceding reception. 

In step S705, if it is decided that the error rate of the received signal is 
improved, the process goes step S706. In step S706, if the gain control 
amount RED2 in the present reception is larger than the gain control amount 
REDl in the preceding reception, the process goes step S707. Then, a sign of 
the change control amount g is set positively such that the AGC gain control 
amount in the succeeding reception can be increased larger than the gain 
control amount RED2 in the present reception. In contrast, in step S706, if 
the gain control amount RED2 in the present reception is smaller than the 
gain control amount REDl in the preceding reception, the process goes step 
S708. Then, a sign of the change control amount g is set negatively such that 
the AGC gain control amount in the succeeding reception can be reduced 
smaller than the gain control amount RED2 in the present reception. 

In contrast, in step S705, if it is decided that the error rate of the 
received signal is degraded, the process goes step S709. In step S709, if the 
gain control amount RED2 in the present reception is smaller than the gain 
control amount REDl in the preceding reception, the process goes step S710. 
Then, a sign of the change control amount g is set positively such that the 
AGC gain control amount in the succeeding reception can be increased larger 
than the gain control amount RED2 in the present reception. In contrast, in 
step S709, if the gain control amount RED2 in the present reception is larger 
than the gain control amount REDl in the preceding reception, the process 
goes step S711. Then, a sign of the change control amount g is set negatively 



such that the AGC gain control amount in the succeeding reception can be 
reduced smaller than the gain control amount RED2 in the present reception. 

Finally, in order to prepare for the succeeding reception, in step 
S712, the gain control amount RED2 in the present reception is stored 
in RED1. Also, in step S713, the error rate ERROR2 in the present 
reception is stored in ERROR 1 and also a value obtained by adding the 
change control amount g to the set value RED2 in the present reception 
is stored in RED2 as the AGC gain control amount in the succeeding 
reception. In addition, when the power supply of the radio receiver is 
turned ON, the receiving operation is still carried out by repeating 
above steps S703 to S713. 

As described above, in the gain control amount setting method 
according to the second example, the gain control amount can be 
increased/decreased in the same direction as that in the preceding 
reception if the error rate of the received signal is improved, and 
conversely the gain control amount can be increased/decreased in the 
opposite direction to that in the preceding reception if. the error rate of 
the received signal is degraded. Therefore, since the gain control 
amount can be set by deciding more properly the change direction of the 
gain control amount to be set subsequently, the more appropriate gain 
control amount can be set under the environment of the strong electric 
field IM or the environment in which the electric field is changed 
strongly. 

(Third Example) 

. FIG. 12 shows a flowchart of an AGC gain control amount setting 
method (third example) in the radio receiver according to the second 
embodiment. In the gain control amount setting method according to 



# # 

the third example, in addition to the above decision of the change 
direction of the gain control amount like the first example, a change 
amount of the gain control amount can be changed according to an error 
rate change amount such that, if the error rate change amount is 
smaller than a predetermined value, the change amount of the gain 
control amount is kept at a constant value as it is while, if the error rate 
change amount is larger than the predetermined value, the change 
amount of the gain control amount is changed into a predetermined 
value. 

Then, the variables used in FIG. 12 (parameters stored in the 
memory 208) will be explained. Like the first example, ERROR1, 
ERROR2, RED and g are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the gain control 
amount, and the change control amount respectively. Also, REF5 is a 
reference value of the error rate change amount of the received signal 
per one control step (change control amount g) of the AGC gain control 
amount. If a value obtained by dividing an absolute value of difference 
between ERRORl and ERROR2 by a change amount control parameter 
m described later exceeds REF5, such change amount control parameter 
m, i.e., a change amount of the AGC gain control amount in the 
succeeding reception is changed. Also, mO is a value that is set as the 
change amount control parameter m when the error rate change amount 
of the received signal per one control step (change control amount d) of 
the AGC gain control amount exceeds REF5. Also, ^ R is a change 
amount of the AGC gain control amount, and a value that is m times the 
change control amount g is set as ^R. 

First, when the initial set-up is carried out by turning ON the 



power supply of the radio receiver in step S801, parameters ERROR 1, 
ERROR2, RED, g, Ar, REF5, m and mO are set to predetermined initial 
values in step S802. These steps S801, S802 are the initial setting 
process in the set-up operation. Steps S803 to S811 described later are 
processes that set the gain control amount by deciding appropriately the 
change direction of the gain control amount to be set subsequently and 
deciding the change amount, and are carried out per a single reception 
or per several receptions after the reception has been conducted by the 
predetermined number of times. 

In step S803, the radio signal is received by setting the gain 
control amount to RED. In step S804, the error rate of the received 
signal is measured by the error rate measuring circuit 209, and then the 
measured result is stored in ERROR2 as the error rate in the present 
reception. 

Then, in step S805, the error rate ERROR2 in the present 
reception is compared with the error rate ERRORl in the preceding 
reception. If the error rate ERROR2 in the present reception is smaller 
than the error rate ERRORl in the preceding reception and thus the 
error rate of the received signal is improved, it is decided that the error 
rate of the received signal can be improved by the AGC gain control 
amount control. Thus, in order to change the AGC gain control amount 
in the succeeding reception in the same direction as that in the 
preceding reception, the polarity of the change control amount g is not 
changed. In contrast, if the error rate ERROR2 in the present 
reception is larger than the error rate ERRORl in the preceding 
reception and thus the error rate of the received signal is degraded, it is 
decided that the error rate of the received signal is deteriorated by the 



AGC gain control amount control. Then, the process goes step S806 
wherein the polarity of the change control amount g is inverted such 
that the AGC gain control amount in the succeeding reception can be 
changed in the opposite direction to that in the preceding reception. 
5 Then, in step S807, a value obtained by dividing an absolute 

value of difference between the error rate ERROR 1 in the preceding 
reception and the error rate ERROR2 in the present reception by the 
change amount control parameter m is compared with the reference 
value REF5. If such value obtained by dividing the absolute value of 

10 difference between ERRORl and ERROR2 by the change amount control 
parameter m exceeds REF5, the process goes to step S808 wherein mO is 
set as the change amount control parameter m. In contrast, if the 
value obtained by dividing the absolute value of difference between 
ERRORl and ERROR2 by the change amount control parameter m is 

15 less than REF5, the process goes to step S809 wherein "1" is set as the 
change amount control parameter m. 

Then, in step S810, a value that is m times the change control 
amount g is set as the change amount of the AGC gain control 

amount. Finally, in step S811, in order to prepare for the succeeding 

20 reception, the error rate ERROR2 in the present reception is stored in 
ERRORl, and also a value obtained by adding the change amount ^R 
to the set value RED in the present reception is stored in RED as the 
AGC gain control amount in the succeeding reception. In addition, 
when the power supply of the radio receiver is turned ON, the receiving 

25 operation is still carried out by repeating above steps S803 to S811. 

As described above, in the gain control amount setting method 
according to the third example, the gain control amount can be set by 
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deciding appropriately the change direction of the gain control amount 
to be set subsequently, and a change amount of the gain control amount 
can be changed according to the error rate change amount. Therefore, 
the more appropriate gain control amount can be set under the 
environment of the strong electric field IM or the environment in which 
the electric field is changed strongly. 
(Fourth Example) 

FIG. 13 shows a flowchart of an AGC gain control amount setting 
method (fourth example) in the radio receiver according to the second 
embodiment. In the gain control amount setting method according to 
the fourth example, before the above decision of the change direction of 
the gain control amount like the first example, the AGC gain control 
amount is returned to a predetermined initial value when the error rate 
exceeds a predetermined value. In this case, the change amount of the 
gain control amount is set constant. 

Then, the variables used in FIG. 13 (parameters stored in the 
memory 208) will be explained. Like the first example, ERROR 1, 
ERROR2, RED and g are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the gain control 
amount, and the change control amount respectively. Also, REF6 is a 
reference value that is compared with the error rate ERROR2 in the 
present reception. In addition, REDO is a predetermined set value of 
the AGC gain control amount. When the error rate ERROR2 in the 
present reception exceeds the reference value REF6, the AGC gain 
control amount (RED) is set to the predetermined set value REDO. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S901, parameters ERRORl, 



ERROR2, RED, g, REF6 and REDO are set to predetermined initial 
values in step S902. These steps S901, S902 are the initial setting 
process in the set-up operation. Steps S903 to S909 described later are 
processes that set the gain control amount by deciding appropriately the 
change direction of the gain control amount to be set subsequently, and 
are carried out per a single reception or per several receptions after the 
reception has been conducted by the predetermined number of times. 

In step S903, the radio signal is received by setting the gain 
control amount to RED. In step S904, the error rate of the received 
signal is measured by the error rate measuring circuit 209, and then the 
measured result is stored in ERROR2 as the error rate in the present 
reception. 

Then, in step S905, the error rate ERROR2 in the present 
reception is compared with the reference value REF6. If the error rate 
ERROR2 in the present reception exceeds the reference value REF6, the 

a 

process goes to step S906 wherein REDO is set as the AGC gain control 
amount (RED) in the succeeding reception. Then, the process goes to 
step S910 wherein a value of the error rate ERROR2 in the present 
reception is stored in ERRORl to prepare for the succeeding reception. 
In contrast, if the error rate ERROR2 in the present reception does not 
exceed the reference value REF6, the process goes to step S907. 

In step S907, the error rate ERROR2 in the present reception is 
compared with the error rate ERRORl in the preceding reception. If 
the error rate ERROR2 in the present reception is smaller than the error 
rate ERRORl in the preceding reception and thus the error rate of the 
received signal is improved, it is decided that the error rate of the 
received signal can be improved by the AGC gain control amount control. 



Thus, in order to change the AGC gain control amount in the 
succeeding reception in the same direction as that in the preceding 
reception, the polarity of the change control amount g is not changed. 
In contrast, if the error rate ERROR2 in the present reception is larger 
than the error rate ERROR1 in the preceding reception and thus the 
error rate of the received signal is degraded, it is decided that the error 
rate of the received signal is deteriorated by the AGC gain control 
amount control. Then, the process goes step S908 wherein the polarity 
of the change control amount g is inverted such that the AGC gain 
control amount in the succeeding reception can be changed in the 
opposite direction to that in the preceding reception. 

Finally, in step S909, in order to prepare for the succeeding 
reception, the error rate ERROR2 in the present reception is stored in 
ERROR 1, and also a value obtained by adding the change control 
amount g to the set value RED in the present reception is stored in RED 
as the AGC gain control amount in the succeeding reception. In 
addition, when the power supply of the radio receiver is turned ON, the 
receiving operation is still carried out by repeating above steps S903 to 
S910. 

As described above, in the gain control amount setting method 
according to the fourth example, before the gain control amount is set by 
deciding appropriately the change direction of the gain control amount 
to be set subsequently, the AGC gain control amount is returned to the 
predetermined initial value when the error rate exceeds the 
predetermined value. Therefore, the more appropriate gain control 
amount can be set under the environment of the strong electric field IM 
or the environment in which the electric field is changed strongly, and 



also the appropriate countermeasure can be taken when the setting of 
the gain control amount is largely out of the range. 
(Fifth Example) 

FIG. 14 shows a flowchart of an AGC gain control amount setting 
method (fifth example) in the radio receiver according to the second 
embodiment. In the gain control amount setting method according to 
the fifth example, an available set range of the gain control amount, 
that is defined by a maximum value and a minimum value, is set. 
Then, if the of the gain control amount is less than the minimum value 
of the available set range or more than the maximum value thereof, the 
setting of the of the gain control amount is not changed when the error 
rate in the present reception is below the predetermined value. In 
contrast, if the gain control amount is in the available set range, the 
decision of the change direction of the gain control amount is made, like 
the first example. In this case, the change amount of the gain control 
amount is set constant. 

Then, the variables used in FIG. 14 (parameters stored in the 
memory 208) will be explained. Like the first example, ERROR 1, 
ERROR2, RED and g are the error rate in the preceding reception, the 
error rate in the present reception, the set value of the gain control 
amount, and the change control amount respectively. Also, RED#MIN, 
RED#MAX are the minimum set value and the maximum set value of 
the gain control amount respectively, and setting of the maximum value 
and the minimum value of the AGC gain control is controlled to move 
within the range from RED#MIN to RED#MAX. Also, REF7 is a 
reference value that is compared with the error rate ERROR2 in the 
present reception when the AGC gain control amount is set below the 



minimum set value RED#MIN. When the AGC gain control amount is 
set below the minimum set value RED#MIN and also the error rate 
ERROR2 in the present reception is less than the reference value REF7, 
the setting of the gain control amount is not changed. In addition, 
REF8 is a reference value that is compared with the error rate ERROR2 
in the present reception when the AGC gain control amount is set over 
the maximum set value RED#MAX. When the AGC gain control 
amount is set over the maximum set value RED#MAX and also the error 
rate ERROR2 in the present reception is less than the reference value 
REF8, the setting of the gain control amount is not changed. 

First, when the initial set-up is carried out by turning ON the 
power supply of the radio receiver in step S1001, parameters ERROR1, 
ERROR2, RED, g, REF7, REF8, RED#MIN and RED#MAX are set to 
predetermined initial values in step S1002. These steps S1001, S1002 
are the initial setting process in the set-up operation. Steps S1003 to 
S1014 described later are processes that set the gain control amount by 
deciding appropriately the change direction of the gain control amount 
to be set subsequently, and are carried out per a single reception or per 
several receptions after the reception has been conducted by the 
predetermined number of times. 

In step S1003, the radio signal is received by setting the gain 
control amount to RED. In step S1004, the error rate of the received 
signal is measured by the error rate measuring circuit 209, and then the 
measured result is stored in ERROR2 as the error rate in the present 
reception. 

Then, in step S1005, it is decided whether or not the setting of 
the AGC gain control amount (RED) in the present reception is less than 



the minimum set value RED#MIN. If the setting of the gain control 
amount (RED) exceeds the minimum set value RED#MIN, the process 
goes to step S1006. In contrast, if the setting of the gain control 
amount (RED) is less than the minimum set value RED#MIN, the 
process goes to step S1007. In step S1007, the error rate ERROR2 in 
the present reception is compared with the reference value REF7. If 
the error rate ERROR2 in the present reception exceeds the reference 
value REF7, the process goes to step S1008. Then, a sign of the change 
control amount g is set positively such that the AGC gain control 
amount in the succeeding reception is increased by one step, and then 
the process goes to step S1013. In contrast, if the error rate ERROR2 
in the present reception is less than the reference value REF7, the 
setting of the gain control amount is not changed. Then, the process 
goes to step S1014 wherein a value of the error rate ERROR2 in the 
present reception is stored in ERRORl to prepare for the succeeding 
reception. 

In contrast, if the setting of the gain control amount (RED) 
exceeds the minimum set value RED#MIN, the process goes to step 
S1006. In this case, in step S1006, it is decided whether or not the 
setting of the AGC gain control amount (RED) in the present reception is 
in excess of the maximum set value RED#MAX. If the setting of the 
AGC gain control amount (RED) is less than the maximum set value 
RED#MAX, the process goes to step S1011. In contrast, if the setting of 
the AGC gain control amount (RED) exceeds the maximum set value 
RED#MAX, the process goes to step S1009. In step S1009, the error 
rate ERROR2 in the present reception is compared with the reference 
value REF8. If the error rate ERROR2 in the present reception exceeds 



the reference value REF8, the process goes to step S1010. Then, a sign 
of the change control amount g is set negatively such that the AGC gain 
control amount in the succeeding reception is decreased by one step, and 
then the process goes to step S1013. Also, if the error rate ERROR2 in 
the present reception is less than the reference value REF8, the setting 
of the gain control amount is not changed and then the process goes to 
step S1014. Then, a value of the error rate ERROR2 in the present 
reception is stored in ERROR1 to prepare for the succeeding reception. 

In contrast, if the setting of the AGC gain control amount (RED) is less 
than the maximum set value RED#MAX, the process goes to step S1011. In 
step S1011, the error rate ERROR2 in the present reception is compared with 
the error rate ERROR 1 in the preceding reception. If the error rate ERROR2 
in the present reception is smaller than the error rate ERROR1 in the 
preceding reception and thus the error rate of the received signal is improved, 
it is decided that the error rate of the received signal can be improved by the 
AGC gain control amount control. Thus, in order to change the AGC gain 
control amount in the succeeding reception in the same direction as that in the 
preceding reception, the polarity of the change control amount g is not 
changed. In contrast, if the error rate ERROR2 in the present reception is 
larger than the error rate ERROR 1 in the preceding reception and thus the 
error rate of the received signal is degraded, it is decided that the error rate of 
the received signal is deteriorated by the AGC gain control amount control. 
Then, the process goes step S1012 wherein the polarity of the change control 
amount g is inverted such that the AGC gain control amount in the succeeding 
reception can be changed in the opposite direction to that in the preceding 
reception. 

Finally, in step S1013, in order to prepare for the succeeding 



reception, the error rate ERROR2 in the present reception is stored in 
ERRORl, and also a value obtained by adding the change control 
amount g to the set value RED in the present reception is stored in RED 
as the AGC gain control amount in the succeeding reception. In 
addition, when the power supply of the radio receiver is turned ON, the 
receiving operation is still carried out by repeating above steps S1003 to 
S1014. 

As described above, in the gain control amount setting method 
according to the fifth example, the available set range of the gain 
control amount that is defined by the maximum value and the minimum 
value is set. Then, if the gain control amount is less than the minimum 
value of the available set range or more than the maximum value 
thereof, the setting of the gain control amount is not changed when the 
error rate in the present reception is below the predetermined value. 
In contrast, if the gain control amount is positioned in the available set 
range, the gain control amount is set by deciding appropriately the 
change direction of the gain control amount to be set subsequently. 
Therefore, the optimum gain control amount can be set under the 
environment of the strong electric field IM or the environment in which 
the electric field is changed strongly, and also it is possible to prevent 
the situation that, in the case that the set value of the gain control 
amount is set to the maximum value or the minimum value, the set 
value of the gain control amount is unnecessarily changed when the 
error rate is sufficiently small. 

As described above, according to the radio receiver and the radio 
receiving method according to the second embodiment, since the AGC 
gain control amount is set according to the measured result of the error 



rate of the received signal by the error rate measuring circuit 209, the 
optimum AGC gain control amount can be set to meet the radio wave 
situation in which the radio receiver, i.e., the receiving situation of the 
received signal and also the gain control of the gain controlling means 
can be achieved to optimize the signal quality of the received signal in 
the situation of either the IM characteristic or the electric field 
variation characteristic, e.g., under the environment of the strong 
electric field IM or the environment in which the electric field is 
changed strongly. As a result, the communication quality in the mobile 
radio communication can be considerably improved. 
[Third Embodiment] 

FIG. 15 shows a configuration of a radio receiver according to a third 
embodiment of the present invention. 

In FIG. 15, the radio receiver according to the third embodiment is 
constructed to include an antenna 301, a low-noise signal amplifier (LNA) 302, 
a local oscillator circuit (Local) 303, a frequency converter circuit (Mix) 304, a 
field intensity detector 305, a gain control circuit 306, a signal processor 
portion 307, and a memory 308. 

The antenna 301 receives the signal transmitted from the base 
station (not shown). The low-noise signal amplifier 302 amplifies the 
signal received via the antenna 301. The frequency converter circuit 
304 executes the frequency conversion by multiplying the signal 
amplified by the low-noise signal amplifier 302 by the signal from the 
local oscillator circuit 303. 

When the electric field intensity of the signal reaches the AGC 
threshold based on the control parameter (signal CN3), the field 
intensity detector 305 changes a voltage of an output signal GC3 in 
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response to an intensity of the received signal whose frequency is 
converted into the intermediate frequency (IF) by the frequency 
converter circuit 304. The gain control circuit 306 changes the gain 
control amount in answer to the output signal GC3 from the field 
5 intensity detector 305. In the memory 308, the AGC threshold to be set 
in respective signal conditions, etc. are stored. 

The signal processor portion 307 corresponds to the threshold 
setting means. This signal processor portion 307 demodulates the 
received signal, and then sets/changes the AGC threshold of the AGC 
10 circuit by outputting the control signal CN3 to the field intensity 
Y£ detector 305 based on the transmitting conditions such as the 

transmission data speed of the transmission signal interpreted in 
compliance with the signal format. 
3 _ Next, a particular example of the radio receiving method in the radio 

yp 15 receiver according to. the third embodiment having the above configuration 

O 

M= will be explained in detail with reference to FIG. 16 hereunder. FIG. 16 is a 

s : 

O flowchart showing a method of setting the AGC thresholds separately based on 

signal transmission states, in the radio receiver that receives the signal having 
the signal format transmitted while changing the transmitting conditions such 

20 as the transmission data speed into two types or more. 

According to the radio receiving method of the third embodiment, 
when the signal having the signal format that can be transmitted while 
changing the transmitting conditions into two types or more is 
transmitted, the AGC threshold which start the gain control operation 

25 in response to the transmission conditions of the signal is set by the 
signal processor portion 307, and then starts the gain control operation 
when the electric field intensity detected by the field intensity detector 
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305 reaches the AGC threshold. Since the timing at which the signal 
conditions such as the transmission data speed of the transmitted signal, 
etc. is switched is always identical, the setting of the field intensity 
detector 305 can be changed and also the AGC threshold of the AGC 
circuit can be changed by outputting the control signal CN3 to the field 
intensity detector 305 to synchronize with the switching timing of the 
signal conditions if the signal received by the signal processor portion 
307 can be interpreted. 

Here, under the assumption that the signal format can be transmitted 
while changing the transmitting condition of the transmission data speed into 
two type conditions, the explanation will be made in the following. In this 
case, the first signal condition is a signal condition before the transmission 
conditions such as the transmission data speed, etc. are changed in the 
transmitted signal of the signal format which is transmitted while changing 
transmission conditions such as the transmission data speed, etc. into two type 
conditions. The second signal condition is a signal condition after the 
transmission conditions such as the transmission data speed, etc. are changed. 

In addition, as the particular example, in the signal format of the FLEX 
system pager, the signal in the first synchronizing portion in which the signal 
is transmitted at 1600 [bps], i.e., the signal of "BSl", "A", "B", "inv A", and "FI" 
is set as the first signal condition and the signal after the second 
synchronizing portion in which the signal is transmitted at 6400 [bps], 3200 
[bps], or 1600 [bps] is set as the second signal condition. 

Then, the variables used in FIG. 16 (parameters stored in the 
memory 308) will be explained. START#1 and START#2 are the set 
values of the AGC threshold that are set to meet the first signal 
condition and the second signal condition respectively. 



First, when the initial set-up is carried out by turning ON the power 
supply of the radio receiver in step Si 101, the AGC threshold is set to the set 
value START#1 in the first signal condition in step Si 102. Then, the radio 
signal in the first signal condition is received in step Si 103. 

Then, in step Si 104, the control output CN3 to switch the AGC 
threshold is output from the signal processor portion 307 to the field 
intensity detector 305 based on the signal format at a timing when the 
signal condition is switched from the first signal condition to the second 
signal condition. Then, in step SI 105, the AGC threshold is switched to 
the set value START#2 in the second signal condition based on the 
control signal CN3 and then set to it. Then, in step S1106, the radio 
signal in the second signal condition is received. 

In the case that the radio receiver corresponds to a radio receiver 
that executes an intermittent receiving operation, the receiving operation is 
completed in step Si 106. If the receiving operation is performed once again, 
the processes from steps Si 102 to Si 106 are repeated. In contrast, in the 
case that the radio receiver corresponds to a radio receiver that executes a 
continuous receiving operation, the process goes to step Si 107 wherein the 
control signal CN3 to switch the AGC threshold is output from the signal 
processor portion 307 to the field intensity detector 305 based on the signal 
format at a timing when the signal condition is switched from the second 
signal condition to the first signal condition. Then, the process returns to 
step Si 102. The receiving operation is continued by repeating the processes 
in steps Si 102 to Si 106. 

As described above, the radio receiving method of the third 
embodiment, when the signal having the signal format that is transmitted 
while changing the transmitting conditions such as the transmission data 
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speed into two types or more is received, the control signal CN3 is output from 
the signal processor portion 307 to the field intensity detector 305 at a signal 
condition switching timing to change the setting of the field intensity detector 
305, and thus the AGC threshold of the AGC circuit is changed. Therefore, 
5 the optimum gain control of the gain controlling means can be achieved to 
meet the transmission conditions of the signal, and as a result the 
communication quality in the mobile radio communication can be considerably 
improved. 

[Fourth Embodiment] 

fc p 1° FIG. 17 shows a configuration of a radio receiver according to a 

r>4 fourth embodiment of the present invention. 

Tl In FIG. 17, the radio receiver according to the fourth embodiment is 

2 constructed to include an antenna 401, a low-noise signal amplifier (LNA) 402, 

a local oscillator circuit (Local) 403, a frequency converter circuit (Mix) 404, a 
15 field intensity detector 405, a gain control circuit 406, a signal processor 
portion 407, and a memory 408. 

The antenna 401 receives the signal transmitted from the base 
station (not shown). The low-noise signal amplifier 402 amplifies the 
signal received via the antenna 401. The frequency converter circuit 
20 404 executes the frequency conversion by multiplying the signal 
amplified by the low-noise signal amplifier 402 by the signal from the 
local oscillator circuit 403. 

The field intensity detector 405 changes a voltage of an output 
signal GC4 in response to an intensity of the received signal whose 
25 frequency is converted into the intermediate frequency (IF) by the 
frequency converter circuit 404. The gain control circuit 406 changes 
the gain control amount in answer to the output signal GC4 from the 
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field intensity detector 405 and a control parameter (signal CN4) from 
the signal processor portion 407. In the memory 408, the AGC 
threshold to be set in respective signal conditions, etc. are stored. 

The signal processor portion 407 corresponds to a gain control 
amount setting means and a second controlling means. This signal 
processor portion 407 demodulates the received signal, and then 
sets/changes the gain control amount of the AGC circuit by outputting 
the control signal CN4 to the gain control circuit 406 based on the 
transmitting conditions such as the transmission data speed of the 
transmission signal interpreted in compliance with the signal format. 

Next, a particular example of the radio receiving method in the radio 
receiver according to the fourth embodiment having the above configuration 
will be explained in detail with reference to FIG. 18 hereunder. FIG. 18 is a 
flowchart showing a method of setting the AGC gain control amounts 
separately based on signal transmission states, in the radio receiver that 
receives the signal having the signal format transmitted while changing the 
transmitting conditions such as the transmission data speed into two types or 
more. 

According to the radio receiving method of the fourth embodiment, 
when the signal having the signal format that can be transmitted while 
changing the transmitting conditions into two types or more is 
transmitted, the gain control amount which start the gain control 
operation in response to the transmission conditions of the signal is set 
by the signal processor portion 407. Since the timing at which the 
signal conditions such as the transmission data speed of the transmitted 
signal, etc. is switched is always identical, the setting of the field 
intensity detector 305 can be changed and also the AGC threshold of the 



AGC circuit can be changed by outputting the control signal CN4 to the 
gain control circuit 406 to synchronize with the signal condition 
switching timing if the signal received by the signal processor portion 
407 can be interpreted. 

Here, under the assumption that the signal format can be transmitted 
while changing the transmitting condition of the transmission data speed into 
two type conditions, the explanation will be made in the following. In this 
case, the first signal condition and the second signal condition are similar to 
those in the third embodiment. Then, the variables used in FIG. 18 
(parameters stored in the memory 408) will be explained. RED#1 and RED#2 
are the set values of the AGC gain control amount that are set to meet the first 
signal condition and the second signal condition respectively. 

First, when the initial set-up is carried out by turning ON the power 
supply of the radio receiver in step S1201, the gain control amount is set to the 
set value RED#1 in the first signal condition in step S1202. Then, the radio 
signal in the first signal condition is received in step Si 103. 

Then, in step S1204, the control output CN4 to switch the AGC 
gain control amount is output from the signal processor portion 407 to 
the gain control circuit 406 based on the signal format at a timing when 
the signal condition is switched from the first signal condition to the 
second signal condition. Then, in step S1205, the AGC gain control 
amount is switched to the set value RED#2 in the second signal 
condition based on the control signal CN4 and then set to it. Then, in 
step S1206, the radio signal in the second signal condition is received. 

In the case that the radio receiver corresponds to a radio receiver 
that executes an intermittent receiving operation, the receiving operation is 
completed in step Si 106. If the receiving operation is performed once again, 
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the processes from steps S1202 to S1206 are repeated. In contrast, in the 
case that the radio receiver corresponds to a radio receiver that executes a 
continuous receiving operation, the process goes to step S1207 wherein the 
control signal CN4 to switch the AGC gain control amount is output from the 
signal processor portion 407 to the gain control circuit 406 based on the signal 
format at a timing when the signal condition is switched from the second 
signal condition to the first signal condition. Then, the process returns to 
step S1202. The receiving operation is continued by repeating the processes 
in steps S 1202 to S 1206. 

As described above, the radio receiving method of the fourth 
embodiment, when the signal having the signal format that is transmitted 
while changing the transmitting conditions such as the transmission data 
speed into two types or more is received, the control signal CN4 is output from 
the signal processor portion 407 to the gain control circuit 406 at a signal 
condition switching timing to change the setting of the gain control circuit 406, 
and thus the gain control amount of the AGC circuit is changed. Therefore, 
the optimum gain control of the gain controlling means can be achieved to 
meet the transmission conditions of the signal, and as a result the 
communication quality in the mobile radio communication can be considerably 
improved. 

With the above, the first, second, third, and fourth embodiments are 
explained. The first and third embodiments can be applied to the step -wise 
gain control type AGC circuit which changes the gain by a predetermined 
amount when the signal level of the received signal exceeds a predetermined 
level after the electric field intensity reaches the AGC threshold, and to the 
continuous gain control type AGC circuit which changes the gain in response 
to a signal level of the received signal after the electric field intensity reaches 



the AGC threshold. The second and fourth embodiments can be applied to 
only the step-wise gain control type AGC circuit. In addition, as a variation 
of the embodiment which is applicable to the step-wise gain control type AGC 
circuit, a combinational variation of the first and second embodiments and a 
combinational variation of the third and fourth embodiments may be applied. 

In the first, second, third, and fourth embodiments explained 
above, the description is made under the assumption that the receiving system 
is the heterodyne system. Also, the embodiments can be implemented by 
using other receiving system such as the direct conversion system, etc. and 
thus the receiving system should not be limited particularly. 

As described above, according to the radio receiver, the radio 
receiving method, and the recording medium of the present invention, 
the AGC threshold to start the gain control operation, of the gain 
controlling means in response to a measured result of the error rate 
measuring means is set by the threshold setting means (threshold 
setting step), and the gain controlling means is caused by the first 
controlling means (first controlling step) to start the gain control 
operation when the electric field intensity detected by the electric field 
intensity detecting means reaches the AGC threshold. Therefore, since 
the AGC threshold is set according to the measured result of the error 
rate of the received signal, the optimum AGC threshold can be set to 
meet the radio wave situation in which the radio receiver is located, i.e., 
the receiving situation of the received signal, and also the gain control 
of the gain controlling means can be achieved to optimize the signal 
quality of the received signal in the situation of either the IM 
characteristic or the electric field variation characteristic, e.g., under 
the environment of the strong electric field IM or the environment in 



which the electric field is changed strongly. As a result, the 
communication quality in the mobile radio communication can be 
considerably improved. 

Also, according to the present invention, the gain control amount 
of the gain controlling means is set by the gain control amount setting 
means (gain control amount setting step) in response to the measured 
result of the error rate measuring means, and the gain controlling 
means is caused by the second controlling means (second controlling 
step) to change the gain in response to the gain control amount. 
Therefore, since the AGC gain control amount is set according to the 
measured result of the error rate of the received signal, the optimum 
AGC gain control amount can be set to meet the radio wave situation in 
which the radio receiver, i.e., the receiving situation of. the received 
signal and also the gain control of the gain controlling means can be 
achieved to optimize the signal quality of the received signal in the 
situation of either the IM characteristic or the electric field variation 
characteristic, e.g., under the environment of the strong electric field IM 
or the environment in which the electric field is changed strongly. As a 
result, the communication quality in the mobile radio communication 
can be considerably improved. 

Also, according to the present invention, when the signal having 
the signal format that is transmitted while changing the transmitting 
conditions such as the transmission data speed into two types or more is 
received, the AGC threshold is set by the threshold setting means 
(threshold setting step) to start the gain control operation of the gain 
controlling means in response to the transmission condition of the signal, 
and the gain controlling means is caused by the first controlling means 



(first controlling step) to start the gain control operation when the 
electric field intensity detected by the electric field intensity detecting 
means reaches the AGC threshold. Therefore, since the AGC threshold 
is set to meet the transmission condition of the signal, the optimum gain 
control of the gain controlling means can be achieved to meet the 
transmission conditions of the signal, and as a result the communication 
quality in the mobile radio communication can be considerably 
improved. 

Also, according to the present invention, when the signal having 
the signal format that is transmitted while changing the transmitting 
conditions such as the transmission data speed into two types or more is 
received, the gain control amount of the gain controlling means is set by 
the gain control setting means (gain control amount setting step) in 
response to the transmission condition of the signal, and the gain of the 
gain controlling means is changed by the second controlling means 
(second controlling step) in response to the gain control amount. 
Therefore, since the gain control amount is set to meet the transmission 
condition of the signal, the optimum gain control of the gain controlling 
means can be achieved to meet the transmission conditions of the signal, 
and as a result the communication quality in the mobile radio 
communication can be considerably improved. 



